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(54) NITRIDE SEMICONDUCTOR LASER DEVICE AND OPTICAL INFORMATION REPRODUCING APPARATUS 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a nitride semiconductor 
laser device which is best suited for application to optical pickups, 
etc.. with good yield and realize an optical information reproducing 
apparatus superior in condensing characteristics. 
SOLUTION: This nitride semiconductor laser device comprises an 
Alx1Ga1-x1 N (0.08<x1<0.2) lower clad layer 4, an active layer 7 
having a multilayer structure of alternately layered InwGa1-wN well 
layers and InvGa1-vN barrier layers, an Alx2Ga1-x2N (0.08<x2<0.2) 
upper clad layer 10 formed, in this order on a substrate 1, and one 
or a plurality of InzGa1-zN (0<z<0.2) buffer layers 5 of 200 nm or 
less are interposed in the lower clad layer 4 and/or the upper clad 
layer 10. 
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^M^ICffit, EM-. FFP (7r-7^-;v 
[0 0 0 2] 

l8*ORf]GaN, I nN, A l Nte£Xt%tlb<D 
¥9-55560 U-iF** (* 




^2 00 1 - 1 4 8 5 3 9 

ti, f-77^ T&&1 9 l±lc, ffi§<DGa N^fcliA 
1 N^feliAl G a Nd^i ^JSiSy* y7ril 9 2# 
J&tiLZtls *<D±\Z > nlGaN3^nil93, 
nST^7yK12 0 2, / > h'-7*1tft$ i K- 
^AlGaln 1 9 6 (*fc««*Ji) % pS 

1^7y KSl 9 7*JWpSGaN3^^ Ml 
9 8*5««*«*ixrV^ 0 pS3^nil98(D 
±ICttjE«ffi2 0 O&B&LZtlX^Zo niGa 
NJiO±»3&«-«*ttli-5 cfc 9 tc, ^O±«0O n MTU 

Ktii Lfc n MG a NjgO»»(0±l-ft«S 2 0 1 

[0 0 0 3] Jf^-Ctt:, nSTFIE^ 7 v 

Kill, 15-0. 3/jmCnSAlo.iG 

ao.9N^77K^l94 if^2 0 O^V;/* ho 
-i^OnSA l.Gai-iN (03 a £ 1) ttfffJI 1 9 5 
fc*r»0EU«*LTT«*7* KE 2 0 2Qff^£& 
*»1 /xmfc LT^* 0 

[0 0 0 4] nfflT»*?y K»0«KWi, 1f» 
K^iMf^niG aNn^^ hg^^ffi 
U CltUcJ:5FFPlc*$tfS>; y^«)»*«:B±+ 

.45), nSG a Nlll:*S* 9 fi< ftfit* 5 ngA 1 
o.iGao.«N*7*K*Ol»4MR£;h,a. * 

ICLTfctK Clft£*IC#*t;##^*oJ:tfFF PfclB 

W7yKilt i^0. 15-0. 3*mOnM 
Alo.iGao.9N^75/ KJifc**tt2 0 0*:/^* h 
D-A^nSAhGai-aN (0£a£l) &®Sfc£ 

figJPSrfal MmfcLTVN^o 
[0 0 0 5] 

[£W##&LJ:5fci-*IIJ8] U»U*&, ±Kft 

D5 0 *»W#eicJ:0±E*aoi|fc*«:U'-1f#^«r 
JBRfcfffllU &ffifc3fc¥8»«rcff>2 0 0{£lctt*L 

^i^-O^SIfU-C^^^O^ 7 v 1 LT^5 ? 

oft8#tto£^^-T\ :oj:9^A^r^^77^ 5 
[0006] if^wjg^^^^rt, ^7 

§fi2-3kA/c m 2 iSt' 0 s 

^7 7^cO^CfcfcC5$:^^bLfcl>OTIi, 
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77 

*tg&£i:fc*HF-ORMt % 3 0®*1 5li-Cfoo/c P 
10 0 0 7] C<0<t9JC, ®»J§£ LTA 1 N£*:I*G 

[0008] ±eibh«:*?hu K^n 

[0 0 0 9] 

[»a«r»*1-5fc«>«>^a] [1] ±E1 

AlxiGai-xiN (0. 08^x1^0. 2)T&*7 
yKJik, I niGai-iN^Fli I nvGai-vNKI 
■ k0*E*l«it*€> Alx2Gai-x2 
N (0. 08^x2^0. 2) iilffl* 7* KS£a s g& 

*£fctt/*0#Lfctt*7 7 KS*C InzGai-zN 
(O^z^O. 2) mSM W»2 0 0 nm^T) 

[0 0 10] (2) ±8BJ8WJC*5V^r»*L<tt, «S 
ffi Si£*rSl ^> 7 T — 7 -f - - V J C *5 »t 5 y y 

y^*«»«*nSJ:5l^ ±EI nzGai-iN (OSz 
SO. 2) «Mo§Wiliril*rR36LXft6rfc*r» 

[0 0 11] [3] ±E*WI-*3V*-C#*L<tt. ±B 
±«*fcli/a»oTtt*^3' KJioWW*. 0. 8/i 
raBLh 1 0 m mfiLTOfiH^RS l/tft* C Sr*HRfc 
+S. 

[0 0 12] (4) ±E»Wfc*5^T#*L<ttU ±E 
T1fl/±&* 7 s> KHw^ig$*l^>4< 1 1) 1 J§*>'> 
4<Hll©IniGai-iN (O^z^O. 2) 
ii:i5V^ tlnzGai-zN (O^z^O. 2) «« 

i (x) ) ts ±E4 fe W#^-**^^*fi*^>*«S 
*3j;trFffl^ 7^ KS*5.fcU t ±fcB*7 7 KJitM8f££*i 

p<-^FtCOV>r, F<0. 4 Ogf$&#fifcft1-*<fc 9 
|c, ±EMJi<olWtlft**:R*U-Cft6i^«r»a 
fc-T6c (IU 

F = l/ {1 + U/ic) M 
A = (ft/*) (n« fl -ni) 

K = (oj • f o/4) 5 ( f .q (x) • • 6 f (x) • f 
i (x) } dx 

fit (x) = f i- t A (x ; I nxG ai-zNi®i 
f*j) , 0 (x ; 
CO = 2 71 co/ A 




) #^2001-148539 
72 

CO ;g£*tf>#;il 

f o ; ss^o^m^ 

[0 0 13] [5] ±E$8$l-*3V N t#£ U<tt, ±B 
5 y Hi tSttiOM^G a NTB^^f KI (K 
J?0. 08-0. 15/im) Sr^rLTfc^ *OA 1 *2 
Gai-xzN (0. 08Sx2£0. 2) ±^7yKI 
^ffli^llOCGaNiW KJS (BSffO. 0 8- 
0 0. 1 Sum) £r*TL-C*$!9. ±&Tto*7V KJ§l£# 
S$^±!SInzGai-zN (O^z^O. 2) ®®JI 
i^±|SGaN±WKi^W£i, fcL<tt±8B 
KJifcMSSftfc-bEl nzGai-zN (OS 
zSO. 2) a«i*^iSGaN±W KB*"C*> 
£*t£d [Mm] , iElnzGai-zN (OSzSO. 
2) 0Wl*fe±BGaNT«MM' K»*"Cfc*«**t 
fcTtt* 7 v VJ§<D¥-®A 1 tftA« fc t < li±E I nz 
Gai-zN (OSzSO. 2) i®I^f)l!EG a Ni 
«#>f KB*-Clc^S5**ifc±tt* 7 y KIOWA 1 

ifcitflsWP ti [nm] 

0. 2Sd<0. 3A^l0^ti^l/ (0. 008 
0 2 6 8 + 0. 5 8 5 3 3 pi) HO. O.OlSpiS 
0.0 9 

0. 2 S d < 0 . 3 *o 1 0 S 1 1 S - 8 . 99 56 + 
2 7 3. 9 5 pt^o0. 09<piS0. 2 

0. 2Sd<0. 3*01/(0. 00 0 1 7 6 7 2 + 
30 0. 0 8 8 6 0 4 pi) StiS2 0 0*o0. OOlS 
pi S 0. 0 9 

0. 2Sd<0. 3*0-1 0 3. 63 + 2403. 3 
P iStiS200*oO. 0 9 < p i S 0 . 2 

0. 3Sd<0. 4*Ol OS tiSl/ (0. 006 
7725 + 0. 5 0 5 7 8 p 1 ) *0 0 . 0 0 1 S p i S 
0.0 9 

40 0. 3Sd<0. 4^010^11^-10. 86 + 3 
21. 88pi*o0. 09<piS0. 2 

0. 3Sd<0. 4*01/(0. 0 0 1 4 2 9 6 + 
0. 13014 pi) StiS2 0 0*oO. OOlSp 
i SO. 0 9 

0. 3Sd<0. 4^-4 2. 254 + 1273. 3 
pi^ti^ 2 0 0^o0. 09<pi^0. 2 

50 d^O. 4^010^11^ (0. 0 0 4 4 0 6 3 + 



-7- 



(8) 
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14 



13 



0. 3 6 2 2 pi) M>*00. 09 

d 20. 4*^lOSt.S- 1 7. 9 5 8 + 4 7 9 P- 
t>o0. 09<p.fi°- 2 

d*0. 4 4>o (0. 0 0 3 1 2 2 3 + 0. 2 6 8 4 7 
pl ) (-»StiS2 00*>oO. OOISP'SO. 0 
9 

dSO. 4i>o-2 5. 8 6 7 + 6 6 4. 4 5p.it. 
S200A»oO. 09<p,iS0. 2 

ev*r **«>«■ KK* ur ft 6 w i «•* k 1 6. 
(00 141 ft*. S6«ca*U<tt, J*T»*?* 
KlfciStt»fc»»CGaNT«M"Kl OREO. 0 
8 ~0. 15mb) t*fC*9. *>o±B±»>5* 
KS t ffittS i OMKG a Kl OR* 0 • 0 

8 ~0. 15 Mm) rtWSO.iETW??™ 
K*«i»lfcJ«ln'0"-« N (OfizSO. 2) ft 

JJSLtW* y V KK^**Vfc±IE I n .Gaw N 
(OSzfiO. 2) ««Ji*»6±EGaN±«S*'f M 
S-COKKSrd [/.»] . ±BI nzGa.-zN (OSz 
SO. 2)«»HiEG,NT»Wffl*^ 

Ini Ga,-,N (OfizSO. 2) d«I*-^Ga 

MOtto. osfixfio. atu ±Ka«l»fi 

(Rp,*5J:UK*ti [nm] 

0 2£d<0. 3*^lOSt,S (0. 0 0 9 7 3 
7 6 + 0. 6 9 2 8 1 P.) «-»*o0. 00lSp.fi 
0.0 9 

0. 2Sd<0. 3*K»10St.S-6. 6 34 9 + 
222. 7 2 pid»o0. 09<p.fi0- 2 

0 3fid<0. 4*>ol0fit,fi (0. 00802 
6 8 + 0. 5 8 5 3 3 P.) t-«*o0. 001fip.fi 
0. 09 

0. 3£d<0. 4*^l0^tiS-8. 9 9 5 6 + 
2 7 3. 9 5 pi^0. 09<pi^0. 2 

0 3fid<0. 4**o (0. 0 0 1 7 6 7 2 + 0. 0 
8 8 6 04 P.) '■"St,S200*>oO. OOlSp 
,S0. 0 9 

O^SKO. 4*0-1 0 3. 6 3 + 240 3. 3 
p,StiS200*oO. 09<pi^0. 2 

O^SKO. 8^1011^1/ (0. 006 



7 7 2 5 + 0. 5 0 5 7 8 P.) ^0. OOl^P.S 
0.0 9 

0. 4Sd<0. B^lO^ti^lO. 86 + 3 
2 1.88 pi^oO. 09<pi^0. 2 

0 4fid<0. 8*>Ol/ (0. 0 0 1 4 2 9 6 + 
o'. 13014P.) St.S20 0*oO. OOlfip 
.SO. 09 

" t fc '!sd<0. 8^-4 2. 2 5 4 + 1 2 7 3. 3 
p ,St.fi2 0 0i>oO. 09<p.fi0- 2 

dS0 . 8^l0fit,fi(0. 0 04 4 0 6 3 + 
0. 3 6 2 2 p.) l-'^O. OOlfip. fiO- 09 

d 20. 8^Ol0fit,fi-l 7. 9 5 8 + 4 7 9 P, 
ii>oO. 0 9<p.fi0. 2 

20 «o. 8*^(0. 0 0 3 1 2 2 3 + 0. 2 6 84 7 
pl ) H>St.i200*oO. ooifip.so. o 
9 

dSO. 8*>o-25. 8 6 7 + 6 6 4. 4 5 p.St. 
g2 0 0A»o0. 09<p.fi0. 2 

[0015] 16) ±i«IIC»V^ff*b<»*. -b* 

4 HI (WO. 08-0. I6»m) 
W99 WC*«*tlfcJ«I n,G.,-.N (OS 

TGawN (OfizSO. 2) 
R „ yF | O f«Altt<r0. OSfixfiO. 2i 

u ±iEa*i^p.*.fctmi?t< [n Q m 0 ] * n 

dao . 4^iofit.fi(o. 

2 8 3 8 P.) M>*ot,«00*oO. OOlfiP 
,S0. 09 
4 7" 14 

d S0. 4^lOSt,S-27. 9 1 6 +6 3 1 
X4P. + 418. 94p,^ot,fi200^o0. 0 
9<pi^0. 2 

50 



-8- 




(9) 



15 



d 20. 4A>o (-0. 00 1 3 6 9 4 + 0. 1 63 5 
5pl ) HlStiS2 0 0i»oO. OOlSpiSO. 

0 9 

dSO. 4*>o6 0. 4 0 9-84 0. 5 pi + 108 
43pl ^tiS2 0 0i'00. 09<P.S0. 2 

0 3Sd<0. 44>OlOSt^ (0. 0 0 28 1 
4 7 + 0. 3 2 7 5 1 p.) C-D*»otiS2 0 0i»O 
0. OOlSpiSO. 09 

0 3Sd<0. 4i'Ol 05 tiS- 2 4. 4 4 9 + 
56 0. 59p, + 2 2 2. 4 5 pi ! i'OtiS2 0 Oi' 
oO. 09<piS0. 2 

0. 3Sd<0. 4 4'0 (-0. 0 0 1 1 6 0 6 + 0. 
I 3 7 8 9 p.) H)StiS2 00fro.O. OOlSp 
iSO. 0 9 
f-fctt 

0. 3Sd<0. 4 4>o8 1. 0 4 3- 1 1 5 9. 4 p 
, + 1 3 53 7 P1 ^t,S2 0 0*>oO. 09<P<£ 

0. 2 

0 2£d<0. 3*>olOSt,S (0. 0 0 3 9 9 
4 2 + 0. 3 9 6 4 5 pi) M> A»o ti S 2 0 0*»o 
0. OOlSpiSO. 09 
Sfctl 

0. 2Sd<0. 3i»Ol OS ttS-2 1. 331 + 
4 8 8. 1 3 pia>Ot.SS2 0 0d»o0. 09<piS 
0. 2 

0 2Sd<0. 3d>o (-0. 0 0 0 7 6 7 9 8 + 
0. 0 9 3 6 6 6 p,) (-"St,S2 00*>oO. 00 
lSpiSO. 09 
£fc!4 

0. 2Sd<0. 3iS>ol08. 61-1511. 6p 
,+ l9016pi ! St,S200i'O0. 09<P-^ 

0. 2 

<DV vf *va>ro«Sffi KKfc ft fc 6 £ i i T 5. 
[0 0 161 «5bca*t<tt. ±1BT»* 

T»#4K1 (KJ¥0. 0 8~0. 15/im) «r*ur 
13 g A»o±«> 9 y Kl k Sttl k «0W K 0 %ei± 2 
o/ 0 *«o I n t fc£fr-t8SXM Kl W*0. 

0 8-0. 1 5 ^m) **l/C*J0, ±E I nGaNg 

©S§«t5rd Uml.lEI nGaN«*i^^ 

bwm Kl*fci4-tfcTW*M rt*te«*hfc-t 
so. 2tu iiBawsrofflPKpiJsiyaset. tn 



#8112 0 0 1 - 1 4 8 5 3 9 
16 

dSo! 4i-OlOSu^l/ (0. 00 6 7 7 2 5 
+ 0. 50 5 7 8 P-) t^t.$200*O0. 001 
SpiSO. 0 9 

dfeO. 4i.Ol0^t,S-lO. 8 6+ 3 2 1. 8 
8p,i>ot,S200^oO. 09<P.S0. 2 

d60. 4^1/ (0. 0 0 1 4 2 9 6 + 0. 1 3 0 
10 14p,) St,S200i>oO. OOlSp.SO. 0 
9 

£fcl4 

d20. 4 4*040-4 2- 2 5 4 + 1 2 7 3. 3 pi 
StiS200*'O0. 09<pi^0. 2 
*fcl4 

0 3Sd<0. 4*»olOStiSl/ (0. 008 
0 2 6 8 + 0. 5 8 5 3 3 p.) ^t,S2004>O 
0. OOlSpiSO. 09 

20 0. 3Sd<0. 4*»010$tiS-8. 9 9 5 6 + 
2 7 3. 9 5 piJ)>oO. 0 9<pi SO. 2 

* fc,± 

0 3Sd<0. 4*01/ (0. 00 0 1 7 6 7 2 + 
0. 0 8 8 60 4 P,) St,S200i-oO. OOlS 
piSO. 0 9 

0. 3Sd<0. 44*0-1 0 3. 6 3 + 24 03. 3 
P iStlS2 0 0**oO. 09<pi£0. 2 

30 f 2£d<0. 34.olOSt,S (0. 0 09 7 3 
7 6 + 0. 6 9 2 8 1 P.) M>*oO. OOlSp.S 
0.0 9 
*fc(4 

0 2£d<0. 3*>ol0St,g-6. 6 34 9 + 
2 2 2. 7 2pi4>OtiS2004>oO. 09<piS 
0. 2 

10017] [7) ±HMIfc*^Xff*U<tt, ±B 

T »> 9 v vm t mmnrnv. 2 %»± 4 1 n 

Sum) **U"C*!K 4>o±»?5y 
romic 2 %B J: 4 I n **4 < fc t>*tf±»* 

-f KJB (BE*0. 08-0. 16 jim) ** Lt:13 ^ 
±|EAl,iGa,-,.N (0. OSSxlSO. 2) Tffi 
KIlt^ShfclBI n.Ga.-zN (OSzS 
0 2) fttBJ8*^-btBG a N±»*" KIIWE 
ft t L< ri.tB±»> 7 » FlC*****-* I n 
tGa ,. lN (OSzSO. 2) ffi*S*>b±IBGaN± 

50 «4^±EG a NT«M" Kl* *C4NM*tfcT» 




(10) 



17 



fflflMA 1 «*. t> U<I*±E I n G a Nffi 

^»FlOWAlWtO. OSfixSO. 2fc 
t ±K»«lro»SEpi*5it)!ffiiJ?ti [nm3 t>K 
dSO. 4*>Ol OSt.S (-0. 0 0 0 5 7 9 1 6 
+ 0. 2 0 2 5 7 p») K4K)t.S20fl^0. 0 
0 1 S pi SO. 0 9 

dSO. 4*Ol0StiS20. 24 8-2 1 2. 4 
9p, + 6 3 9 0 pi**otiS2 0 0*»oO. 09<P 70 

iSO. 2 

dSO. 4**0 (-0. 00 2 5 7 8 2 + 0. 1 4 9 0 
2pi) (-'>StiS2 0 0^o0. OOlSpiSO. 
0 9 

dSO. 4*>o3 4 5. 0 7 -6 3 6 1. 6 pi + 39 

3 3 9 pi'StiS 2 00))>oO. 09<piS0. 2 

0 3Sd<0. 4A>Ol0£t,£ (-0. 000 0 20 

4 8 0 8 1 + 0. 2 2 8 I2p.) <"<> A>o t , £ 2 0 0 
i«oO. OOlSpiSO- 09 

0 3 S d < 0 . 4i'OlOStiS6. 7893 + 
7. 0 0 9 7 pi + 4 7 7 9. 4 p.*^t,S20 0* 
oO. 09<piS0. 2 

0 3£d<0. 4*>o (-0. 0 0 2 4 0 39 + 0. 

1 3 5 6 1 P.) t-'»Sti$200*oO. 001SP 
i S 0 . 0 9 

0. 3£d<0. 4**04 1 0. 2-7 5 8 4. 7 pi 
+ 46l01pi 2 £tiS200a>o0. 09<piS 

0. 2 
ftfctt 

0 2Sd<0. 3*>olOSt,£ (-0. 0000 
7 6 1 6 6 + 0. 2 7 6 0 8 p.) <-» A»o t , £ 2 0 0 
4>oO. OOlSpiSO. 09 
&fctt 

0 2£d<0. 3*»olOStiS-4. 9 2 94+ 40 
213. 76pi + 2 8 2 7. 4 p>'a>o t . £ 2 0 0 
oO. 09<piS0. 2 

0 2Sd<0. 3A>0 (-0. 00 1 8 9 6 1+0. 

1 0 4 9 4 pi) <-<>fit,S2 0 0A>o0. OOlSp 
iSO. 0 9 

0. 2Sd<0. 3*>o5 3 6. 0 8 -9 9 6 6. 9 p 
, + 6 0 7 0 7 p.StiS 2 00*>o0. 09<piS 

0. 2 
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[0 0l8l.S&Ka*Ktt' iBTI,,,F,t 
SttJI i ««K 2 4 1 n *** < h * * 

trTH^Kl (WWO. 0 8-0. 15 jim) 

4 %*«» i n < t t,*&±«M" vm mm 

0. 08-0. 16 i. in) ±KTW*7 
y KSI^S^^-tKI n.G.i-.N (OfizSO. 
2) ««l*^±EGaN±«5^ Fl*«« *> 

,.,N (OSzSO. 2) «M*fe±BGtN.h»* 
/K»*-COE(tftd [».»] . -tBl nGaNdll 

» KB© W A 1 Oft. L < tt-M 1 n G a Nft«S 
yKWWAliflttO. 08SxS0. 2tU± 

!E««Sro*as£pi«^^»ii [nml * s . 

dfeO. 4i>olOSt,S (0. 0 0 2 1 8 2 + 0. 
2 8 3 8 P.) (-i>*Oti*200*oO. 001SP 
i SO. 0 9 
*fctt 

dfeO. 4«>olOSt,S- 2 7. 9 1 6 + 6 3 1. 
14P. + 418. 94p,^t,S 20 0i>oC. 0 
9< piSO. 2 

dSO. 4*>0 (-0. 00 1 36 94 + 0. 1 6 3 5 
5pl ) H)StiS20 0i>oO. oOlSpiSO. 

0 9 

dSO. 4 4-06 0. 4 0 9-84 0. 5 pi + l08 
43pi*StiS2 0 0*oO. 09<PiS0. 2 

*fc(4 

0 3£d<0. 4 4>clOStiS (0- 00 2 8 1 

4 7 + 0. 3 2 7 5 1 P1) C-»*otiS200*O 
0. OOlSpiSO. 0 9 

0 3£d<0. 4»>OlOSti£-24. 44 9 + 

5 6 0. 5 9 P. + 222. 4 5 pi^ t,S2 00«> 
OO. 09<piS0. 2 

0 3£d<0. 4*>o (-0. 0 0 1 1 6 0 6 + 0. 

1 3 7 8 9 P.) Hl S t.S2 00**oO. OOlfiP 
igO. 0 9 

0 3£d<0. 44>o8 1. 04 3- 1 1 5 9. 4 P 

1 + l 3 53 7p.^t^2004>O0. 09< P .S 

0. 2 
ifcli 

0 2*d<0. 34-olOSt,S (0. 00 3 9 9 
4 2 + 0. 3 9 6 4 5 P.) '-l^t. 5200**0 
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(11) 



19 



0. 0 0 1 ^ pi £0. 09 

0. 2 S d < 0 . 3a»ol0£ti£-21. 331 + 
4 8 8. 1 3 pi*»OtiS20 0*»oO. 09<piS 
0. 2 

0. 2^d<0. (-0. 0 0 0 7 6 7 9 8 + 

0. 0 9 3 6 6 6 pi) ti^2 0 0i»o0. 00 

lSpiSO. 09 

0. 2 S d < 0 . 3 A>o 1 0 8 . 61-1511. 6p 
t+l90l6pi 2 ^tiS 2 00^oO. 09<pi^ 

0. 2 

v %Tiud»o«B Mfc* t x 4 5> r. t # «t v \ 
looi9l (8) ±e»Wfc*3^-c»*L<r±, ±e 

T»* 7 7 KH k ©■ & 4 %£A± 6 %*« to I n 
fc/>fc<*fc£tfTtt#-< KE (KJ?0. 0 8-0. 1 
5 Mm) £*TL-C*3 9, j&»o±»* 7 v KSi:?SteS * 

4YM (^i?0. 08-0. 15m m) &WLT*5 9, 20 
±fST&* 7 * Kll^££*^c±i5T^* 7 * KSt- 
^^fc±EIn:GawN (O^z^O. 2) ft® 
l*6±EGaN±»#-f KltWE* 4>L<ttJ: 
E±»^yKlfc<HII*^fc-bB!niGaMN (0 
£z^0. 2)MW^lKGaN±8^KI4"C 
(BEttSrd [Mm] % ±EI n G a NMM^UBG 
a NT*WM Kl* W^**wfcT»* 7 7 Kl©¥ 
$A 1 «s t> L< tt±E 1 n G a N«MW*&-kEG 
a N -MMM Kl*-CK:OTI**tfc±»^ 9 7 Ml©* 
j^ A l»0. 08^x^0. 2fcU±BiM» i0 
j&f£pi*5<i:t/8&J?ti [nm] 

d£0. 4^010^1!^ ("0. 0 0 3 6 5 8 8 + 
0. I 5804 pi) H)^oti^2 0 0^o0. 00 
1 gpi^O. 0 9 

d£0. 4*>Ol0^ti£l 1 9 2. 2-2 2 2 6 2 
pi + 1 1 2 6 7 0 pi 2 7Voti£20 0a>oO. 09< 
pi^O. 2 

d£0. 4 *>>o(-0. 0035017 + 0. 1457 40 
lpi) (-n^t^200^o0. OOUpi^O. 
0 9 

d^O. 4 2>>o524. 75-10029 pi + 594 
06pi^ti^2 0 0io0. 09<pi^0. 2 

0. 3^d<0. 4^olOSti^ (-0. 0 0 2 9 
7 2 7 +0. I 8 4 6 8 pi) H)^oti^200d»o 
0.001 Spi^O. 0 9 
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0. 3^d<0. 4^010^11^211. 87-3 
8 7 4. 3 pi + 2 5 7 5 2 pi 2 ^oti^2 0 0^o 

0. 0 9< pi SO. 2 

0. 3Sd<0. 4A»o ("0. 0 0 3 3 2 9 1 +0. 
I 3 5 8 6 pi) M)^ti^ 200^o0. OOl^P 
i^O. 0 9 

0. 3Sd<0. 4^05 8 7. 7-ll 2 6 4 pi + 
6 6 380 pi^ti^200^o0. 09<pi^0. 

2 

0. 2Sd<0. 3^ol0StiS (-0. 0 0 3 1 
9 4 7 + 0. 2 l 90 3 p.) H) ^t,^20 0^O 
0. 00 1 Spi^O. 0 9 

0. 2 S d < 0 . 3 d^O 1 0 £ 1 1 £ 1 3 9 . 37-2 
4 9 6. 5 pi + l 7 8 3 1 p i 2 *>>o 1 1 S 2 0 0 2>>o 
0. 0 9< pi SO. 2 

0. 2Sd<0. 3*»0 (-0. 0028237 + 0. 
Illl3p0 «-^t^2 00^0. OOlSp 
i^O. 0 9 

0. 2 S d < 0 . 3^07 6 6. 52-l4773pi 
+ 8 6 5 8 9 pi^ti^20 0^o0. 09<piS 

0. 2 

[0 0 2 0] S6>KJUL<MU ±BTW?yWfc 
T«MMK1 (IK^O. 0 8-0. 15 Mm) $r#LT 

%*«OInfc*4< kfc*tfJ:»*M Kl W*0. 
0 8-0. 15 Mm) ZKVXm. ±ET»*9* K 
■fc4rtSS*ifc±eT»* 7 7 1 
mGai-.N (O^zSO. 2) ««1A^±EG a N 
±ft#>< K1*-C*>E«, fc L< l*±fB±«* 7 7 Kl 
l^8$^fc±EI nxGai-iN (O^z^O. 2) ft 

«WJ«GiN±«« KIttoHitd [m 
m] . ±B I n G a N««Sd^±BG a NT«*M K 
l*-Ct*ttS*ufcT»^9yKl«>¥*Aia*, t 
Ktt±EInGaN«M^±BGaN±»^ K 

0. 08^x^0. 2*U ±E»«l*>*&#Pi* 5 « t 
lWKJ¥ 1 1 [nm] riK 

d£0. 4^10^1.^ (-0. 0 0 0 5 7 9 1 6 
+ 0. 2 0 2 5 7 pi) (-D^OtiS2 0 0^oO. 0 
OUpi^O. 0 9 

d^O. 4^010^X1^2 0. 2 4 8- 2 1 2. 4 
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9pi + 6 3 9 0 pi 2 fl>OtiS 2 0 0A>oO. 09<p 
i^O. 2 

d^O. 4^0 (-0. 00 2 5 7 8 2 + 0. 1 4 9 0 

2 pi) t-U ^ ti^2 0 Od^oO. OOl^pi^O. 
0 9 

d£0. 4**03 4 5. 0 7-6 3 6 1. 6pi + 39 

3 3 9 pi 2 ^ti^ 2 0 0^o0. 09<pi^0. 2 

0. 3Sd<0. 4^010^11^ (-0. 0000 

4 8 0 8 1 + 0. 2 2 8 1 2 pO ( - n ^oti^200 
*>o 0. OOl^pi^O. 09 

0. 3 ^ d < 0 . 4 *»o 1 0 £ 1 1 £ 6 . 7893 + 
7. 0 0 9 7 pi + 4 7 7 9. 4 p 1 2 rf>>0 1 1 ^ 2 0 0 
00. 0 9 < pi ^ 0 . 2 

0. 3^d<0. 4i)^z> (-0. 0 0 2 4 0 3 9 + 0. 
1 3 5 6 1 pi) ^ ti S2 0 O^oO. OOl^p 
1^0. 0 9 

0. 3 ^ d < 0 . 4**0 410. 2-7584. 7 p l 
+ 46l01pi 2 Sti^200*>oO. 09<pii 
0. 2 

*fct± 

0. 2^d<0. 3^oi0Sti^ (-0. 0000 
7 6 1 6 6 + 0. 2 7 6 0 8 pi) ti ^2 0 0 

^00. OOl^pi^O. 09 

0. 2^d<0. 3^olOSti^-4. 9 2 9 4 + 
213. 76pi + 2 8 2 7. 4 p i 2 *>0 1 1 ^ 2 0 0 d> 
00. 0 9<pi^0. 2 

0. 2^d<0. 3*>0 (-0. 00 1 8 96 1+0. 
1 0 4 94 pi) ^ ti£2 0 0*>o0. OOl^p 
1^0. 09 

0. 2 £ d < 0 . 3 *>o 5 3 6 . 08-9966. 9p 
1 + 6 0 7 0 7 pi^ti^ 2 0 0*>o0. 09<pi£ 
0. 2 

<0 V N-f MXDft® Ut ft 5 - t # «fc V \ 

10 0 2 1] [9) ±E»W^^tff*U<tt, -tE 
TWfyy Fli«HfiB»nnK:6%a±7%*»i«>i n 
fc/>fc< fcfcSfrT»#-< KB (BSSJSO. 0 8-0. 1 
5 Mm) **UC*J!K ^ol^77Kii:Mt 
^i:6%£iJ:7%^I n£'>&< i: t*tf±«^ 
W KB (BlffO. 08-0. 15 um) ZfiLXteV, 
±ET«*5* KllwdH6*Jxfc±BI niGai-zN 
(O^z^O. 2)«M^lBGiNJ:W'fKI 
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±EI nzGai-zN (O^z^O. 2) UMi^lS 

G a NMM*>b±EG a NT»^ K1*-CI^S6* 
ftfcTtt*?* KB©¥$A lfcriu t)U<li±SBIn 
G a NlMA^iEG a N±*tfM KWCfc*** 
nt±»^9y KBOWAlttfcfcO. 0 8 Si x £ 
0. 2iU ±E«#BOiiaj£pii3J:TM£ti [n 
m] 

70 d£0. 4^Ol0Sti^ (-0. 0 0 3 6 5 8 8 + 
0. I 5 8 04 pi) t-D^oti^200^oO. 00 
1 Spi ^0. 0 9 

d 0 . 4^Ol0Sti^H 9 2. 2-22262 
pi + 1 I 2 6 7 0 pi 2 ^oti^2 0 0d^o0. 09< 

pi^O. 2 

d^O. 4^o(-0. 0041761+0. 1391 
6 pi) ( -° ^ ti ^ 2 0 O^OO. OOl^pi^O. 
20 0 9 

d^O. 4^0 958. 16-18852 pi + 105 
8 7 0 pi 2 ^tiS2 0 0^oO. 09<pi^0. 2 

0. 3^d<0. 4^ol0^ti^ (-0. 0038 
108 + 0. I 6 8 5 6 pi) M)d*OtiS 2 0 0d»O 
0. OOl^pi^O. 0 9 

0. 3^d<0. 4 ^o 1 0 ^ 1 1 ^ 9 7 3 . 69-1 
30 8 1 8 6 pi + 9 3 3 2 1 pi 2 ^oti^2 0 0^o0. 

0 9<pi ^0. 2 

0. 3^d<0. 4^0 (-0. 0 04 03 3 9 + 0. 

1 3 2 3 6 pi) l"'^ti^200^o0. OOl^P 
1^0. 0 9 

0. 3^d<0. 4^01 0 56. 2-20 8 1 5 pi 
+ 1 I 64 6 0 pi 2 £ti£ 2 0 0*>o0. 09<pi£ 

0. 2 
40 *1t\* 

0. 2£d<0. 3d*Ol0^ti^ (-0. 00 4 0 
7 7 3 + 0. 1 9 5 4 7 pi) <- ' > *>o 1 1 £ 2 0 0 *>0 
0. 00 1 ^pi^O. 0 9 

0 . 2 ^ d < 0 . 3 lOSti^ 5 3 9. 75-1 
0 0 8 8 pi + 5 4 7 5 7 pi 2 ^oti^2 0 0^o0. 

0 9 < pi ^ 0. 2 

0. 2£d<0. 3^o(- 0. 0035424 + 0. 
50 ll 2 8 5 pi) H»it,S200^0. OOl^P 
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i g 0. 0 9 

0. 2^d<0. 3^01 3 3 5. 8- 2 6 4 2 8 pi 
+ 1 4 7 2 6 0 pi 2 g ti g 2 0 0**0 0. 0 9<pig 
0. 2 

0>V vf ft*»fl>iffl| ica2:& L"Cfc£><> 
[0 0 2 2] fcfc, £<blca£L<tt. 
KSi:SttSWWlc6%£Jl±7%*«<OI n&'>&< £ 
fc£tfT«#>rKl (BBEO. 0 8-0. 15 Mm) £ 

&± 7 %^co I n i fc£tr-htt;tf>r Kl (IS 

flCO. 0 8-0. 1 5 Mm) Sr^TL-Cfc 1 ^ ±!5T&* 
7yKli:^nfcl!SImGai-iN (0£z£ 

0. 2) a»w^±EGaN±»^ k«*-coe 

zGai-zN (Ogz^O. 2) «BW^±EGaN± 
Kl*"C«>Bifc d [/ira] , lElnGaNl 

^7>; KiO^Aia^ fct<li±EI nGaNg 

K*©¥*&AlliJ**rO- 0 8^x^0. 2b 
t x ±i2$®10&$pi:te«fcUTO¥ ti [nra] 
d^O. 43&>Ol6gtig (-0. 0 0 3 6 5 8 8 + 
0. 1 5 8 0 4 pi) H) ^oti^2 0 0^o0. 0 0 
1 gpi gO. 0 9 

d^O. 4^ol0^ti^ll 9 2. 2-22262 
pi + 1 1 2 6 7 0 pi 2 ^otiS 2 0 0^oO. 0 9< 
pi^O. 2 

d^O. 4**0 (-0. 0035017 + 0. 1457 
lpi) t-'^tig200d»o0. OOl^pi^O. 
0 9 

d £ 0 . 4 J&»o 524. 75-10029pi + 594 
06pi^ti^2 0 0^o0. 09<pi^0. 2 

0. 3gd<0. 4^Ol0^ti^ (-0. 0029 
727 + 0. 18468pi) <- ,) ^oti^2 00^o 
0. OOl^pi^O. 09 

0. 3 g d < 0 . 4 J&*0 1 0 £ 1 1 £ 2 1 1 . 87-3 
874. 3pi + 25752pi 2 1 1 g 2 0 0 J&>0 
0. 0 9<pi ^0. 2 

0. 3gd<0. 4*>>o (-0. 0033291+0. 
1 3 5 8 6 pi) ( -° g ti g 2 0 O^OO. OOlgp 
iSO. 0 9 

0. 3 g d < 0 . 4^05 8 7. 7-ll264pi + 
6 6 3 8 0 pi 2 g 1 1 g 2 0 OrfMOO. 09<pi^0. 
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2 

0. 2gd<0. 3^010^1^ (-0. 0031 
947 + 0. 2l903pi) ( -°^0 ti i 2 0 O^o 
0. 0 0 1 g pi g 0. 0 9 

0. 2 S d < 0 . 3 J&>0 1 0 £ 1 1 £ 1 3 9 . 37-2 
496. 5pi+l7831pi 2 *>o ti^2 00^o 
0. 09<piS0. 2 

0. 2^d<0. 3^o(-0. 0028237 + 0. 
11113pi) l-'^ti^ 2 0 0d>o0. OOlSp 
igO. 09 

0. 2 g d < 0 . 3^07 6 6. 52-14773pi 
+ 8 6 5 8 9 pi 2 g ti g 2 0 OdoO. 0 9<pig 
0. 2 

<o\,*irtii>*<otsm i-st j£ t r tt z> z. t & & v \, 

[0 0 2 3] (1 0) ±SB«WlC*3V^r»*L<l±, ± 

I n t>*frTtt:tf^ KB (&E0. 0 8- 

0. 15/im) &#L-C*3 0, ^oiH^y KSirS 
&mt<D®t7%PJs±l 0%ETF<D I n«:*4< £ 
ij>±S2M K« (IBS/PO. 08-0. 15Mm) «r*L 
±ET«*7* K»fc#tt*ixfc±El'iiiG 
ai.zN (O^zgO. 2) ««Ji*»fe±iBGa N±tt 

g$ixfc±ISI nzGai-zN (Og z^O. 2) 8MM 
*><b±tBG a N-b&#>f KJI£-Ctf>^££d [*tm] , 
30 ±EI nGaN«MW±EGaNT»#-f KB*? 

±EI nGaN«MH±EGaN±W>f K1*"C 
l£#££;h,fci:«&*7 3' KSO¥#A1&J*&0. 0 8 
gx^O. 2tU ±E«M©ft«pi*JJ:tW*ti 
[nm] 

d^O. 4*>Ol0gti£ (-0. 004347 + 
0. 147l9pi) C-O^otig200d»00. 00 
1 gpi^O. 0 9 

40 d £ 0 . 4^ol0^ti^8 5 8. 55-16866 
pi + 9 5 1 8 6 pi 2 **o ti g 2 0 0**00. 09<p 
i£0. 2 

d^O. 4*>o (-0. 005134 + 0. 1362p 
i) l-')^ tl ^2 00i»o0. OOlgpiSO. 09 

d^O. 4^024 9 7. 8-49961pi + 264 
0 2 0 pi^ti^2 0 0^o0. 09<pi^0. 2 

50 0. 3^d<0. 4^ol0^ti^ ("0. 0044 
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8 7 2 + 0. 1 5 4 4 6 pi) <-"A»0 1 1 ^ 2 0 0^0 
0. OOl^pi^O. 09 

0. 3^d<0. 4^ol0^ti^ 7 8 0. 25-1 
5 2 9 9 pi + 866 8 3 pi 2 ^o 1 1 ^ 2 0 0^0 0. 

0 9< pi^O. 2 

0. 3^d<0. 4rt*o (-0. 0049851+0. 

1 3 1 0 6 pi) ( -° ^ ti ^ 2 0 0**00. OOl^p 
i^O. 09 10 
*1t\t 

0. 3Sd<0. 4*>>o2 7 0 5. 9-5 4 1 5 9 pi 
+ 2 8 5 7 6 0 pi 2 ^ 1 1 S 2 0 O^oO. 0 9<pi^ 
0. 2 

0. 2^d<0. 3d^ol0^ti^ (-0. 0048 
8 8 5 + 0. 1 7 5 9 1 pi) <-i>a»oti£ 2 0 0*»o 
0. OOl^pi^O. 09 

0 . 2 S d < 0 . 3 £»o I0^ti^597. 65-1 20 
1661pi + 66983 pi z ^O 1 1 ^ 2 0 0^00. 

0 9< pi ^0. 2 

0. 2Sd<0. 3^o(-0. 0044282 + 0. 

1 1 4 4 6 pi) ( - 1) ^ti^2 0 0^o0. OOl^p 
i^O. 0 9 

0 . 2 £ d < 0 . 3 J&>o 3324. 9-66656pi 
+ 3 5 1 0 5 0 pi 2 ^ ti ^ 2 0 O^oO. 09<pi^ 
0. 2 30 

[0 0 2 4] fc*3, 3fcfcB*L<tt, ±BT«^5y 
Klt^lC0Ki-7%^±8%^O I n£'>#< fc 
fc^trTfMM Kl (R»0. 0 8-0. 15 i«m) £ 
^LT*3 9, d^iWyy KlfcJSttlfc©Bt7% 
^±8%*«<D I n&'>*< tt<rtf±»#-< KS (K 
J?0. 08-0. 1 5 ^m) Z^LXteQ. ±1BTS^ 
5 y KilC^8 * ilfc±E I ni G a i-i N (0£z£ 
0. 2) afi*^±BGaN±»^>f KI*"C©B 
ft, 1 1< tt±ga-b£B* 7 y KJi^*6nfc±E I n 40 
zGai-zN (O^z^O. 2) 8f|«^±EGa N± 
K®*-e^K«€: d [/x m] , ±12 I n G a Ntt 

* 7 y KJi©¥*A 1 ttric, t b< tt±E InGaNi 

^77F1^A1»0. 08^x^0. 2t 
U ±IB»WJlO*a^p 1*5^1511^ ti [nm] 
d£0. 4^ol0^tiS (-0. 0036588 + 
0. 1 5 8 0 4 pi) ( " n 1 1 S 2 0 O^oO. 00 
l^pi^O. 09 M 
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d £ 0 . 4^010^11^ 1 1 9 2. 2-22262 
pi + 1 1 2 6 7 0 pi 2 ^o 1 1 g 2 0 0**00. 09< 
pi^O. 2 

d^O. 4i^o (-0. 0041761+0. 1391 
6 pi) l " n ^ U^2 0 O^OO, OOl^pi^O. 

0 9 

d^O. 4 9 5 8 . 16-18852pi + 105 
8 7 0 pi 2 ^ti^2 0 0^o0. 09<pi^0. 2 

0. 3^d<0. 4d>ol0^ti^ (-0. 0038 

1 0 8 + 0. 1 6 8 5 6 pi) H)^tiS20 0i»o 
0. OOl^pi^O. 09 

0 . 3 £ d < 0 . 4 £>o I0^ti^973. 69-1 
8l86pi + 93321 pi z ^)>o ti ^ 2 0 O^oO. 

0 9 < pi ^ 0. 2 

0. 3^d<0. 4^o(-0. 0040339 + 0. 

1 3 2 3 6 pi) <-i>£tilS20 0a»oO. OOlSp 
1^0. 0 9 

0 . 3 ^ d < 0 . 4 d>o 1056. 2-20815pi 
+ 1 1 6 4 6 0 pi 2 ^ ti ^2 0 O^OO. 09<pi^ 
0. 2 

0. 2^d<0. 3^ol0^ti^ (-0. 0040 
7 7 3 + 0. 1 9 5 4 7 pi) M>**o ti £ 2 0 O^O 
0. OOl^pi^O. 0 9 

0. 2 £ d < 0 . 3 d>0 10^tt^539. 75-1 
0088pi + 54757pi 2 ^Oti^200^o0. 

0 9<pi£0. 2 

0. 2^d<0. 3*>0 (-0. 0035424 + 0. 
Il 28 5 pi) t' 1 )^ti^200^o0. OOl^p 
i£0. 0 9 

0. 2 £ d < 0 . 3^01 3 3 5. 8-26428pi 
+ 147260pi 2 ^ti^200 d>0 0 . 0 9 < p 1 ^ 
0. 2 

«^7y KStffi^±S^M«-8%^±l 0%^TCOI n 
tt>*tfT«^ K« O&JPO. 08-0. l 
5 Mm) £#LT*>!K d>o±gt^ 7 y KJI t ftteM t 
<OlBC8%£iL±l 0%UXTOl n£'>&< tt^tf±tt 

KJI (^0. 0 8-0. 15/im) $rtfC*5 
9, ±IBTtt*5s/ KSi::tf£*Jxfc±ET»*5* K 
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!(C^&£ft*:±Kl nzG ai-zN (O^z £0. 2) 

li±IE±»^9y Kl«^***tfc±IBI nzGai-iN 
(O^z^O. 2) ««»A^±l2GaN±»^Kl 
£-C<OElH$rd [Mm],±BInGaNWIIHl 
EG a NT»#W KJi*T^»*ixfcT«^ 7 v KS 
*>3F$A 1 ttffc tU<tt±BI nGaNWWi*»fe± 
BG a Nittrf'f KH*-CIC*«**tfe±«^ 7 * KS 
CD^Aliaj^^O. 0 8Sx£0. 2tU ±ES&« 
JI^fca&pifciUTOP ti [nm] 70 
d£0. 4d>ol0?£ti£ (-0. 0 0 4 3 4 7 + 
0. 147l9pi) (-'>a>oti£2 0 0a*o0. 00 
lgpi^O. 0 9 

d £ 0 . 4 *>0 10^1)^ 8 5 8. 55-16866 
p , + 95l86pi 2 ^ot^2 0 0^o0. 09<p 

i£0. 2 

d^0. 4*>o (-0. 005134 + 0. I362p 
i) M) £ ti £2 0 0j&»o0. OOl^pi^O. 0 9 20 

d^O. 4^02 4 9 7. 8-49961 pi + 264 
0 2 0 pi 2 ^ti^ 20 0do0. 09<pi^0. 2 

0. 3^d<0. 4^010^11^ (-0. 0044 
8 7 2 + 0. I 5446 pi) H)^ Ot1 S 2 00^O 
0. pi ^0. 09 

0. 3 £ d < 0 . 4d>ol0^ti^ 7 8 0. 25-1 
5 2 9 9 pi + 8 6 6 8 3 pi 2 *>o 1 1£ 2 0 0**0 0. 30 
09<pi^0. 2 

0. 3^d<0. 4^0 (-0. 004 9 8 5 1+0. 
I3l06pi) H)^tii2 00^o0. OOlSp 
i^O. 0 9 

0. 3^d<0. 4**02 70 5. 9-54l59pi 
+ 2 8 5 7 6 0 pi^tiS20 0^o0. 09<pi£ 

0. 2 

*fctt 40 
0. 2£d<0. 3*>ol0^ti£ (-0. 004 8 
8 8 5 + 0. 1 7 5 9 1 pi) H)^otiS20 0^o 
0. OOl^pi^O. 09 

0. 2 S d < 0 . 3 *>o 1 0 £ 1 1 ^ 5 9 7 . 65-1 
166 1 pi + 6 6 9 8 3 pi 2 ^otiS 2 0 0>&>oO. 

0 9< pi ^ 0. 2 

0. 2^d<0. 3*>o (-0. 0044282 + 0. 

1 1 4 4 6 pi) ( " n ^ ti£2 00*>O0. OOlSp 50 



^2 0 0 1 - 1 4 8 5 3 9 
2tf 

i^O. 09 

0. 2 ^ d < 0 . 3^03 3 24. 9-66656pi 
+ 3 5 1 0 5 0 pi 2 ^ ti^2 OO^oO. 09<pi^ 
0. 2 

<d v ^M*<oQmz&& t X ft 6 - 1 & <fc * \ 
[0 0 2 5] [ii] ±EJH!fc*^Xff*L 

2 0%^TOI n£'>fc< *V£tM nrGai-rNUI 
[0 0 2 6] C123 **9!^«<5<**5C««W*» 

[0 0 2 71 fc*s, *W»»»c*5V^-C, xttili***! 

»tB*H««k, *o itott*S 

; _ niUGaNi®I^i:no f 
(x) s fi U) tt, ^jh^KTOftftftfttt 
(n.q/2/o)/*o) I I feq (x) | 2 dx=l 
(ni/2/o>/M0) II f i (x) I 2 d x= 1 

[0 0 2 8] 

[0 0 2 9] Bili, «SW©*»*^-*»^*^ 

(0 00 1) C®t77^fTS«l (ESSJP30-3 0 0 
Mm) , GaN«1^77-l2 (BgJPO-lOOn 
m) , nSGaN = ^ni3 (1S»0. 1-10m 
m) , nSAhGai-xN (0. 08^x^0. 2) * 
7 y KH 4 (Ki?0. 2-0. 8/im) HSlnpG 
a,. P N(0<p^0. 2) ®m5 «*10-20 
Onm) fc (nS^y Kl/nfflMI 

B/. • ./nSISSI/nS^^yKS) *bfc6n 
BAlGaUN^yKllS mmmo. 8-10 
Mm) , n|ln,Gai-,N (O^s^O. 1) *M K 
^6 (lgJ?0. 08-0. 15m m) > In»Gai-.N 
(0<w<0. 2) #T*mt I nvG ai-vN (0<v< 

Hl3 7 0-4 3 0 nm, W5-60nm) , P 
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SAliGai-iN (O^z^O. 3) **VT-?ny* 
MS 0-2 Onm) , pSl ntGai-tN (OS 

t£0. 1) #^KJf9 (KWO. 0 8-0. 15 u 
m) , plAlyGai-yN (0. 08^y^0. 2) * . 
yyVmiO (KJVO. 2-0. 8<im) , p^GaN 

3 ^nin (K®o. o 1-1 Oil m) 

[0 0 3 0] *<D±\a*s Mft»««)»«l 

y*±o«»^Blc»**iitv^. jE««13 (fcfc 

Pd/Au, Ni/Pd/Au, Pd/Pt/A iO 

©£14 (fcfcjttf, Ti/AK Zr/AK Hf/ 
A lft if) tt* nSGaN^y^^hi^Kttllt 
B±|C»***UtV^. **tt, nlGaN^^h 
|, nil nGaN«»J§, nMMGa UN^y 

Kls niGaN^Ki, InGaN^lt^^ 
pSAlGaNHDT^oy^l, pfflAlG 

aN ^7> ; Ki> pSGaNa^^H* « a 

[0 0 3 1] ftt, ***«>*ftt-*5^6***^— IP 
oHJg^jfetov^rit^So *1\ (0 0 0 1) CB* 
yr-JTrnm. (lf3 0-3 0 0 /im) &8HM"S- i5fe 

#Lfc (0 0 0 1) CBf77^7liWMOCVDB 

■rtfcWAU hiMMm>*-c* »no otoifisfc 

^iUT** (Hz) tl0Sy^/min*lft# 

p>, 6oor-cNHi thy (tmg) 30 

fr-til/ftlS y y h/v/m i ik 20mol/rain^ 
ALT, 0-100 nmWf a Ntfi^y 7ri 

1\ t*y ^/wr**-** (tma) . tmg, nh 

i*«BI/C. AlNi^GaAlNi»ty^ 

[0 0 3 2] Ww, N2fcNH3fr*iv«x5 y y h^/ 
mln«tm»1 0 5 0t*"CWt5. fi«A*± 

#tutf. **yr;*f**:Ni*&Hifcf«/t\ tmg& 

100/imol/rain, S i H^l Onmo 1/m 40 
in^AU, nSGaN3^ni«r0. 1-10 

^18^6. TMG *>«**: 5 O^mo 1 /m 

infcMEU TMAfe-S*»Atr, nl^Ahi 

Gai-nN (6. 08^x1^0. 2) ^r;FiS; 
0. 2-0. 8^mOf$*C^ti« TMG*5 
J;tfTMA<aW££ffltl^ y T*f**Hi*6 
Nil:W(ti"C, »8 0 01C*-C»»*. TMGSrl 
5 ii m o 1 /m i n tCSSE U TMI l*** 
1 npGai-pN (0<p^0. 2) fc«JI*0-2 
0 0 n m^t^e 50 
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[0 0 3 3] Ww, TMI#J:WTMG»WS«»±t 

2^bH2l-ft^T, TMGOSife5 0^mol/mi 
ntHSU TMAt-*«ALX. n^OA)x 2 G 
awiN (0. 08^x2^0. 2) ***K1*0. 
2-0. 8nm©f*"C**t5. -(Dn^AlGaN 
ItnJllnGiNlfctiOitMU n^AlG 
aN«»B£n§n nGaNWt^^iM 
(n§i£ 7 y KB/ n 

ni^y KB) ^ftinSAlGi I nN*5? K 
@£1&I&J?0. 8-1 0 wmB£S1"5. A l G a I nN 
<DfSL&m7+*t. TMA©««*ff±U TMGSr 
lOOnno I /mi ntilBSL-C, nlG.N^F 
15:0. 0 8~0. 1 5 /i mroJPStCfc3J:3fc#*t' 
6. 

[0 0 3 4] TMG<0«*SSr<?±tX, 

I ) TMGSr 1 5 *tmo 1 /m i n*AU 

1 nvGai-.NJ:946l»M*I**i-a. T 
MKOfltf&SrfoS-Je*!^^** 1 ^ In.Gai-.N 
A9 46*F1***1"*. i»I nGaNSeSSt I 
n G a N#FS fc <Z>£S#JItilii (»BS/#f 1/ 1 
• -/WFS/»SS) i»b4»#«**#' B (MQ 

I n G a N»»*lt&t«Wtt- 3 7 0-4 

TM *©RtWC«H^l nfcj£«5&* J # 

k. TMIlSiVTMGOWISSrffitLX, StM 0 5 

■C, TMG$r5 Onmo l/m i n, TMAfrS*, P 
SK-e^^lWtTJb 6 * n t?i=^ 
(CplMg) SrlOnmol/minlU 
0~20nmfWplAhGai-:N (OSzSO. 
3) y TT'oy^gSrtitfii'S. 
[0 0 3 5] DT^ny^I^^^^ 1 ' 
TMAroW*SSrff±U. TMGOWISfiSrlOO/imo 
1/miatMU, 0. 0 8-0. 15^©!* 

|&€r 5 0 *x m/m i n fcSBS L. TM A€r-^fi3?A 
U 0. 2-0. 8umJ9ropS!AlyGai-yN (0. 
OSSySO. 2) >?yK«fc«ftU TM 
G^«IS5rl OOdmol/mi nlcgHSLT. TMA 
©«ie«M:L. 0. Ol-lOumfBpSGaN^ 

tMUMU *m-eMOCvD«X9ft0ffl 
i-. 

[0 0 3 6] *u— iTWMr*-t-6K»**iB 
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#5®) <D&m&£<0¥-%>& (Ra) liiftl 0 nmTfc 
0, *«Aff*¥ffitt*r*t*:. (0 0 0 1) C 

It7 7^f7S^ G a Nf&tB^ '^ri, nSGaN 
=>^^^h@ x n lAlGaN^7yKitnSlnG 
■ N«IM (n^7^Kl/n!i 

»«/• • VniaiKi/nS^^yKi) 

niA 1 G a I n 7 7 Kg (Jllgifft Um) TMS 

SKfcOli, I n*4trim*4MKl/CnflAlGa 
7 7 Kl«r#Bk*ft LitZb \z X S»*i::«lft feft 



[0 0 3 7 J 7* h y % Jjr97 4-&fo#XV 

Gai-yN (0. 08^yS0. 2) ^7?KI*t* 20 
y^^^*rlTV\ Lfc«, 7*hl)y^ 

^tyxyfy^f^rffl^T, **^**ffiJ:D n 
iGaN=>y^^ hlO^^C, *tBt»*t6* 

fcLTIi, fciittfAu/N i fc$V^ttAu/P dtffl 
V\tU2&V\ ^fcs nUG aN^^^ h^O— WKtti 

atlt fcfcittfAl/T i *>SVM4Au/W*rfflV> 

[0 0 3 8] ft*^fS»fc6VMiK7-fiyf-^^fe«: 
fflv^T3lHF***0. 5mmtWJ:5i:lt, ^7- 
fcftSSSffifcJBjfcLfc. 

[0 0 3 9] BLhlJlJ: 9,81 ^V-t-e*^**^** 

So 

[0 0 4 0]m*^f^m^, nlAlG 

b^nll nGaNS®I©lf*5i:^I nMifc 
ti> tF8«ifc- K#*nfil nG aNfcf*NI&* * 
Oi£l»g"Cfe5nSAl GaN^77 KJ§-C#tf££;ftS 
3 M * y y^KK fcft* L ft v ft 6 J: 5 MMf * 

[0 0 4 1] AlGaN^^yKit *>««■ fc LX I 
nGa NSrfflV^^ AlGaN^7yF/I nGaN 
/AlGaN^y KT 3J1* 7 :TOfcttMIWc*i'tS 
<£-C\ «6«*- Kd«WIB3Ji^7y*»ttl-ft'fr 

■T 6fc^9SrfcftraS* $ «£+*o KA* 50 



^2 0 0 1 - 1 4 8 5 3 9 

HlJiEnS I nGaNiUI^ti^ 
-KoStel^<0$i:&fc^&T£*B3\ Htt««« 

(0*- K<Oft*fflLtf*t<ft»K nSGaN^V^ 
hjf tcfctf 6 U'-lfiBfi*- Ktf>m#^*ia s *£ < ft 
5. rfttt, FFP (77-7^-^K^-» 

y^fei-fftKHiftO, wOi:9ft*W*^ 
-1fSr*fcry^TyrftlfO**ff*8IR^**i: 

«BLfc*M\ «*^*3»t67'n7 7>r/woan j ^* 
3t^oi2:^tv^ofcrajs$r^■f^)MHtft , ?, 

* * *-*OlB&«S o<£T Srffi < w b IC ft *. 
[0 0 4 2] r.*t&*>|flWi* ^$il5nSl nGa 

[0 0 4 3] £JLT, IfnlAlGalnN^yKi 
4McHi©*4H£3i't*nSlI nGaNftfl^^- 

§JA 1 G a I n N ^ 7 7 KJi + i^nffil nGa N&®g 
WI»MB**t6«*, ^i^pSAlGa I nN*7 
7 K1*K pM I n G a NaMMMtt* 

[0 0 4 4] nSAlGaN^yFI (SWteMIE 
*) /nlG a Kl/ I nG a NMl^PS 

teg/p^A lGaN^rt!i7^F 7^1/p^G a N 
#-f Kg/ p & A 1 G a N * 7 7 KS (B»tt«K*) 

ffl«f*ntq, ®^tlfeq (x) ) Sr::-ett*-KI 

t§{Cl*5V>Ttt, nSGaN^KIHpSGaN^ 

ttgfcftoTV**. nSAl GaN*?7 KE 

(HJfte&PB*) /nSlnGa N>ffi®g/naA 1 G 
aN*77 Kl (KffttiHB*:) -CllWi3*l*3g*9 

41 f i ( x ) ) KI I btyJ&Zb\z1r 

5. iiS©^- K*s*a»J; 0 *- H I KI I 

F=l/ {1+ (A/k) M 
mtA= {n/X) (n.q-ni) 
K = (0) ■ to/4) I {fen (x) ' • 6 £ (x) • f 
i (x) } dx 

6 t (x) = n-u , 0 
f i ; nSA 1 G a N*7 7 KJ1^»«* 
n;nlInGa NS^S^^m^ 
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Mizto-c^i. f.« (x) , fi (x) <o9i»-e*> 

iffigxli, mm-CXftt + S. Wh. nSl nGa 
NffilSiGaN^ KlfcWE*^ ^ggW^fr^ 
— tfS^Hfiifcfci^-tftfcPl-fcl^. <ctt, *-F 

t±, nil nGaNaWlrtW**!^*^^^ 
kU *W*+K*5lt6fc#Se*li, ±TH«tff5 

fcOfc 1-6. f« <*) > fi (x) 



34 



(n.,/2/«/no) i I f.« (x) l'di-1 « 
(ni/2/«./m) J I fi (x) l J dx = l 
Sr«fc1-tOi:1-2). 

[ 0 0 4 5 1 ft*. *- K 1 fc LXtt, K# 
ff&T«»** l *»&*< MRlcw-lfaafrfi-l-*- 

1-6. *Wttl»-T?r±. £*Ur¥fc. y*^*)*** 
OW«*-Kfci*A/-ev»6. 
[0 0 4 6] 4fcfc*5, *- K I I fc i^tt, 
- K^#fti-5,a-g-*sfo6* s > ^coS-g-li&IStfcro*- 

K*ra*ifci1"5. - 20 
[0 0 4 7] «MWB*f*n M , ni, 43±t/i»«*-K 

©m##*f.« (x) . fi (x) It, 

8 4*1 1 9 6a><bl 2 0 (M. J. Bergmann and 

H. C.Casey. Jr.: J. Appl.Phys. vol. 84(1998) pp. 1196-1 

203) £r#BH-6w£#-e£ 6. «ff-#*Rfr*fc 

13(16^7 *-*-C*>6. [nm] fc*5tt6 

fctrnwESr^nli, &fc.fc!>, **t>*v6<, 
Xt43 0 0~8 0 0 nmO©fflt1-6Ci:* 5 -C#6. 30 

[0 0 4 8] *1\ -Mm©'*?*-* Ei [eV] # 
fc5£T?4x<b*v6. In.Gai-.N (OSsSl) MT 
LXti, 

E, = E«i [s] =3. 4 2 (1-s) +2. 6 5 s- 
3. 9 4s (1-s) 

AltGai-tN (OStSl) t^Uttt, 

E, = E,2 [t] =3. 42 (1-t) +6. 2t- 

1. 0 5 7 t (1-t) 

1 n,AltGa,-.-tN (0<s<l. 0<t<l) fc 

E,= {s E,i [s + t] +t E«2 [s+t] ) 
/ (s + t) 

p [A] =1/ (E.-3. 4 21/123 

9. 8 5 2] 

t&^X. P [X] > 3 6 0. 7<Dfc*. 

n (P [A] ) = [4. 3663801+pV (p j ~ 

2 9 5. 9 2 ) 1 0 5 

p U] S3 6 0. 7©i#, 

n (p [X] ) = co+c, q + c2 q 2 +c3 q' + 50 



C4 q 4 

q = p CX] -360 
co= 2. 7 1 8 
ci = 9. 9 7 6 X 1 0"' 
c2= 3. 0 0 5 X 1 0-' 
cj=4. 5 8 4 X 1 0- 6 
C 4= 2. 5 9 6 X 1 0-' 

"Cfo6. *»^fc*5^"C, ^fiE®$f^ (n.o, ni, • 
• •) *JJ:t/m#»* (f.« (x) , fi U) , • • 

9, * 5 7»fc||fc:l8.1 9 ***** 

5>fc<D-efo6. 

[ 0 0 4 9 ] B 2 l±, U-^m*- KOfittlB tii 
ftttftoffifttttfc* ±EF<C6^9>-*t»«i8*^ 
tfct><0-Cfc6. 8HtJi«Ca»»««>«««tt» F- 
0©B# (AlGaUN^yW, InGaNgSi 
■ ****V"A 1 G a N-?«(££ivfc*f) C*5lt6ffitt 
SB £&*>#.»©*££ l kB^fcfc £<offl*Ml&«LT 
V^6. ^2 111 nil nGaNlli©! n«ft& 
*B*U F#0*»e>Xt*«W**-CnSlnG.N 
ft«B©R»*0nm^b«ffllS*, -<Di:#©e&)I 

®c&mmm<D®ite%wz>° *»2 3i*, 

niInGiNlM««(«*U F#0*»e>lfc 
^tt6*-Cn®I nGaNi«l»l nJR4JtfeOA> 

ttfcf"LTV>6. nB2 1 fcfc»2 3«r*«1-6i. « 
*>TJ:V>-afc*b-C*5!K InGaNlfgoro 

*tM n ftJiM:®v < 1'*v**ft;**" c< > FK *"*-*** 
tt«ptV^fcSr*UXV^6. 0-1" 9, 

F<0. 4 (1) 

U~if||S*-KOlHCa»«*tt, InGa 

NiRifS «t © fc # » 9 tw« - t i * b 
40, *fci©fc#*ff4FFP«r&1'&»*»i«**l 



6. 

[0 0 5 0] *fc» ®fc*5vNX^»22tt, nSI nG 

aNftfflroinaftJtSrBISU F#l 

fcfcnSI nGaNa«SOKgS:ii»0**> w©fc# 

Fttl*>?>«'>U SttlBCaUXMkOWW* 
tUliMaM fr*1". 2 4 l±, nil nG a NttM 

N««1©I n»ftJt«rWWlS-a\ ^©fcS©^^^ 

2 4£fc!fc1-6fcffi*T&v--iSifc*^*^ InG 

a NSiiSWHifffciVI n»»it«>v^1**t«r«ft** 
rtFfc**.6»»«*t^wfc«r*U-CV*6. 

[0 0 5 1 ] *^2 2li, S«2 1 iUCttlU^ 
9 F^0. 4 < t9^t^«ifc« , '^^ ffi,4SEfli: '' i * 
#»©fil*H6# 9 WEI J: fc « 9 ^ 6 *«, FFP 

y » y;w?r4 C^1-v v . z<n<) v f^WKrtt 6 is fc* 
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[0 0 5 2] |M. (l) **»fc1-J: 

[0 0 5 3] *fc, H2 0>»*tt. SttB*)***** 
3 7 0-4 3 0nmOm-e«ftfC^ tfciTO* /0 

fc % likA/iffcfrkft^ofc. 
[0 0 54] (1) ***9Sto*, n. Q *5<fclH 
• q (x) tt*^Jiu-*««*-K«)»«IB«*i3J: 

^6n«q*5<J:tf feq (x) tt, Wuefcu-raii* 

[0 0 5 5] 03 (a) , (b) 11, U—MMI*- K 
©W»***l/OB!K 03 (a) I4F<0. 4©» 
-fro«-Cfc9, 0 3 (b) ttF>0. 4©*frO«<r^ 20 
©3 (a) ttF = 0. 3, 0 3 (b) ttF = 

0. 5©*frSr^LXV^o EBK:*JV*T\ *ttttS«ffi 

[0 0 5 6] *fc, B»31ttnaAlGaN^9yK 
KB/ I n G a N#***#f ffitt 

4 KI/pSAl GaN^77 KB"C#Wt&*1'**B* 

GaN^7y KI/nSGaN^ KMWWi 
t/plGaN^ KS/pSA lGaN^77 KB*ff 
©fflK>***LTV*6. «Ul3 2ttnfflAlG 

aN ^7 KB/nS 1 n G a N««B/nffiA 1 G a 
N^7>> KB -e«fi£ * *l 6 3 1 * 7 :/igi£&<0<£® 
LT*5»K nSAlGaN^77 KB/nffll nGaN 
ffiWBftflLOffiia^^^nSl nGaN«Ii/nSA 
IGaN^y* KB^fl^ttE^LTV^o • 

[0 0 5 7] 03 (a) ll*3V>Xti> U—MMI*- K 
O I n G a N«BBl-*3«t6«i?-ti«3&S^+» / J^ < 

iftfcttU 0 3 (b) ICfcV^Ttt* U-1f»**-K 
(7) I n G a N^®Bl^^^m#m*I^S* s ^t < fto 
T: fc9 % U-if$B^r- F<D I nG a Nifi^^Tt 

[0058] 03 (a) , (b) £9, I nG a NttW 



(1) ««r«fc+l:5«c*»*u-1f*^B«a*:» 
itU Wthtf* KOInGa N&ffi 

■^OlS-fr fc«a-e* 6B2f'h* < * - * m] 

[0 0 5 91 F*>*# (1) 

nGaNW^^*^ 1 nGaNi1"ix 

[0060] InGaN««B#> nSAlGaN^7 

* (feq (x) ) toXtmmiti* (n«a) ^* In 
GaNaWBI-*5V^Tfti"S***-K«)mff»* (* 
, (x) , ft (x) , • • f i (x) * * * #) * 
itWMffiJBSr* (nu nz, • • nu •■•)!: 
■«fe*ft*b6FK Fi, • • Fu • ' '©Sfc. 
F,<0. 4Sr«fci-B* J »tti"St*. ^OlnGa 

<*<ft6, nSAlGaN^yKIW:#ft«In 
GaN$®1^5*>, ±E*ft«r*fci-B^>4<t 1 b 
lBfcjfctf* FFPK*5tt$y fcJ:V» 

[0 06 l]*fc, (DMWfctUGaN 
ttffBd'* pSA 1 G a 7 y Kirti:***fc*±* 
&#£-f?K pfiAlGalnN^yKKtW 

tt, pgjAlGaN*?* Kit, UGaNlill?: 

[0 0 6 2] plAlGal nN^7y KBSrff 

■ & LfcCkl-*^ piGaNa^^ hBI-fctt* 

^ 7 -MM fc* bSH k ft * fc < v M«# fc 

pMGaN^^nif^nSGaN^^ 

bBk^m«lcl?lli:1-6wkici!?, 
[006 3]tt, pfGaN^^ hBSrSiSfci" 

hjjint-friijfcy-f^K-ctaxJfcfto* 

plGaN^^^ni^O. Sjira^TtllV^ 
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P B¥«fM t n BWMM^JBIM- 6 w * * 9 *» 

[0 0 6 4) pi^7yKlftftV^nl^9y 
KBrtl-M&Sfr* I nGaN&ffiBli, Brt"C-£G> 

[006 5] pS^yKWftV^ni^y 
KJirtlC^S^nS I n G a NlMlflBI-*5rJ , 6»*»±, 

it^$rft<fc*, I hGaNB«Bfc:Btt6*tt«* 
[0 0 6 6] tFSm-ffiv^ftSSS 

IfGaNBtR-CtJ:^. AlGalnN^ 

* KB + Kfl-SSftS I n G a Ntt«l^^lt*3j:t/ 20 



[0 0 6 71 **#^«*li-«ffl^, 

0>#*Mfta>ofc. *0»ttttfctt, 1- 2 k A/ cm* 
-Clg^U^o wfttt* nilnGaNftfi^ltn 

Onl I n G a NW^«IW«l*Wlf^: fc 

y KBfKnB I n G a NBBB*»ALfc*MMlfc 

5ftt, moooBfrBBBL-cfc* »tto*ft 
ttJLbftft*-*fc« i'--***^ 

[0 0 6 8] (JtB©»Bl> B4tt* *»«©*l© 

*LTV*6. *aWM*:u-1f»^tt, (0 0 0 1) C® 
VyyJTmtiLl (If 3 0-3 0 0 /im) , G a 
fi/<y77l2 (IWO-lOOnra) , n^GaN^ 50 



#BfJ2 001-148539 

^ni3 (B&H0. l-10/im) . nllnrG 
■ i.rN (0£r £0. 2) ®®B4 1 (WO-20 
Onm) , niAhiGai-,iN (0. 08^xU 
0. 2) *??KB4 (K/90. 2-0. 8/im) £n 
SI npiGai-piN (0. 0 0 lSpiSO. 2) $® 
15 (if l 0-2 0 0 nra) i: n SA 1 kZ G a i -x2 N 
(0. 0 8^x2^0. 2) ^7^K14 (&/?0. 2 
-0. 8/im) A^inSAlGa InN^yKI 
1 5 (ttKVO. 8-1 0 Mm) , nSGiNW KB 
6 (S&i?0. 08 — 0. 15m m), I n.Gai-iN 
(0<w<0. 2) #FB£ I nvGai-vN (0<v< 

w) wmmk<o#'K&mm& mmm/#rm/- - • 

*Kf 3 7 0-4 3 0nm, ^If|5-6 0nni) , p 
iAl:Gai-zN (O^z^O. 3) ^^7^^ 
J§8 (|gU?0-2 0nro) % pSG a N#-f KB 9 (■ 
f 0. 08-0. 15^) > piAlyGai-,N 

(0. 0 8^y^0. 2) ^77K110 «*0. 2 
-0. Sum) > pSGaNa^nill (KW 

0. 0 1-10 Mm) ©ftBftfcSR^aHM*****^ 

[0 0 6 9] *©±l^tt, HftWOttll 2^, 
ilf, Pd/Au, Ni/Pd/Au, Pd/Pt/A 

«ffil4 OthlMs Ti/AK Zr/AK Hf/ 
AlftW tt* nlGaN^^niO-OTlHU 
B±lw»**Jl-CV^. **tt* nfGaN^^n 

1, nilnGaNttm n |AlGaInN^77 
KB, nSGaN^KJI, UGaN#li^8 
ttB, pSAl GaN** U T?*v9lk* pSG a N 

KB. pSAlGaN* 7* KB* pSGaN^V 
ML WW »l«iWttMW®*) * 

[0 0 7 0] **BO»Bt«lt6*»(H^-* 

©WKWSKov^-cB^*. *T, (oooi) cat 

7T-fTB*fe«*+6. (0 0 0 1) C65f- 

©*-c % »i i oot;©BB'C^»--^*fi l *« * 
*atx, **2Jr#*i:LT** (H2) Sri 

0!)y^/mln»lW^ 6 0 Ot^NHi i h 
y**7U#!J*A (TMG) «r*K^iX5 y y h/u/m 
in, 2 0 m o 1 /m i n^Att> 0-100nm 
(fci*LtfjR)2 0nm) ©»*OGaNtti/<y77l 
«r**1-6. W/<977lHtH GaNCBb 
T, hJJ^f-ZW'T/WS^^A (TMA) > TMG. NH 
a^ffllT, AlNaWGaAlNBtBV^ttftA/ 
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(21) 

39 

[0 0 7 1 ] fciC, NihNHiteZtlftlS V v 
m i nSELfctf fettl 0 5 OKZ-C&fo+Z. i&«* 5 ± 

lOOixmol/min, S i H^l Onmo 1/ra 
i n»ALT* nlGaN^y^ni^O. 1-10 
M m (fcUtf»4um) I**"*-*, TMGO& 

-C, ff}8 0 Ot^T^^ TMG£l Symo l/m 

£A (TMI) InrGai-rNS /0 

ffiJI (fctx.»ir=0. 07) £0-200nm (*:£ 
itfSOnm) TMI^^TMGW 
^SrfflhU-C, SV1 0 5 0WWU ^r-vUT 
^^$r^t5N2d^2i-KxT, TMGO$fcIt£5 0/im 

o l/m i nCMKU TMA& 4 Ojzmol/min 
$Att, nlOAhiGai-xiN^7^Ki (tit*- 

(Jxl=0. 1) £0. 2-0. 8miti {1tt7L&0. 

4 urn) TMGfcWTMA 

X-C, JSj8 0 0t*-eM«, TMG£l 5umo l/ 20 
m i n£MBU TMI *r-S**Lft*?>, I n P G 
ai-»N«MI (fc*;ltfp = 0. 02) £10-20 
Onm (fca«50nra) TM I 33 

J:tfTMG<0W&fcff±L-t\ ^10 5 O'Ci-efHft 

u **y7#*fc?WN2*»&H2fcft*."C* tmgo 

flfc££5 0 Mino 1 /m i nfcSSffiU TMA^r 4 0 n 
mol/minlAU, n^COA 1 *2G a i-* 2 N* 7 
yKI (tti«x2 = 0. 1) £0. 2-0. 8/im 
{fctlLttO. bum) (DmZ'Vlfc&'tZo Alx2Ga 

MG^lOOiimol/minCiilt, nSGaN 
^f^Kl$:0. 08-0. 15fjm (tHliO. Im 
m) 9 
[0 0 7 2] *rO&, TMG<fl#&£flitLT, »J 

T^€rH2**e>N2icst/ft*.-c, 7oo*c*-eRt& 

I) £lO/imol/min, TMG £ 1 5 m o 1 / 
min$Al, InvGai-vN (ti:itfv = 0. 0 
5) X 9 45fctx.fi 4 nmJPO&gl&jfc&l-fco * 

TM I OfclfeZ 5 0 urn o 1 /in i n \Z.%m U < 
In.Gai-.N (fcfc;ttfw=0. 17) *9fc5fcfc 
W2Dm*ro#FJIS:«*t5. fcirxtf. 

cofH]** .fcUWW-te^W 4 loRgS##ft-*"a J: 5 ft 
**K*»3 8 0-4 3 0 nm (fcUli40 0-4 1 
Onm) <D#fi£*#F (MQW) MQW 
»tf;***»T-r6fc, TMlfcJtfTMGoWKfcffJt 
l/t* Wl 0 5 0«tWU ^^U7^W 
N2J&*^H2lwftx.T. TMG?r5 0 m m o l/m i n. 
TMA^30/imol/min, piK-^^^Ji^ 
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fc/,^^^^^^^ 7 ^^ (Cp2M 
g) £l 0 nmo l/m i nflfEU 0-20nm (fc£ 
*Ltf20nm) »OpSAliGai-iN (fcfcxtfz= 

o. 2) ^fj7yn^i«W« ^yr/p 

MG GO#&!c£ 100nmol/min LT, 
0. 08-0. 15/im(tUtfO. lum) 
<DpSGaN2M KlfclMH"*. TMGWtft 
^50i/m/rai nlcga&U TMA&4 0jimo I 
/min«AU 0. 2-0. 8 u m (fc**.tfO. 5 
urn) fOpiAlyGai-yN^7^KI (fcfcjitfy 
= 0. 1) TMGOfWMrlOO 
(imol/rainlcMLt, TMA^«:ff±t, 
0. 0 1- 10 Mm (fcfc*.tfO. lum) J¥<£>P§JG 
aN3 y^ hE<aj8*&m 

SMWfrT+Sfc. TMG*5<fctfC P 2MgO 

[0 0 7 3] #W-1f»a«r*i"5KWft*ffi 
Wffi) Oi£@fi£o¥$HS (Ra) I±ftl0nm-C*> 
*Kftff*¥ffitt«r^Ufc. &fcs (0 0 0 1) C 
7g«. GaNW^y7rl K®2 0n 
m) , nlGaN^^ h» »^ra) , 
Alo.iGao.9N^77KI (BSSJPO. 5|im) , nS 

1 no.03Gao.9?N^®l (R* 5 0 n m) , nSAl 
o ,Gao.9N^yKI «*0. 5 M m) ft*tit££ 

2 0 0«KHt*fC«»bfctr*. 4-CO#*^-fc 
ftfc c fc \z X 6 »* fcfcft 4 v \ 

[0 0 7 4] %<0%L. 7th!)V^77^»^«fct; 

* HJBfc3 j*m«tt* p^Aly 
Gai-»N^77Ki^-Cx^^m\ 

ffiV^T, !)x/>S^i:HSGaN = ^nM 

i^^Op^G a N=»y*£ Hi©— Ufcffi±tw, 
]E«ttfc»*1-5, IWmtUfc ^irxffAu/ 
Nifc^ttAu/PdMV^tffiV\ n®G 

m«^*+5. ftmwmfc trtt, fc^fiAi/ 

[0 0 7 5JMI:, t77^7S^^Miii 
50 t»R-r6ffi««:W»i-6wfclcJ:9. H^S»»*J|Mffi 
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*5«ttf *7 7 4 Tg«*r£*fc!ISA 5 3 0 ~ 3 0 0 » m 

MfcE^T**!****^. 5 rami: 46* 51-1^ 5 

[00 7 6] BLhC J: 9 . ■ 4 C*t» 1 o%^<n%% 

a¥3J#U— <f**iC*JV*"C, nSAlGalnN*? 
y KH»fc***t» nl I n G a NlgSflOBSBPfc 
I nSSlttt, W~M«*-Kll*nai nGaN»« 
It, t©jfigMB-e*>5n®AlGaN*5y Kl-Cfll 

£9 ficoj; 0 iZ&ttrZtiX^b. 
[0 0 7 7] B2 0tt, (1) * s «f4o*ttSr 

, 4n F = 0. 4irft*I nGaN8ii©I niligifcfc 

jviwrofcftfciti'Xn*. wmi*. **2 

1 1 i*»2 1 2T-&£HfctS«£*LT*5 9. F> 
0. 4 4****. BP**** (1) **94fcftV^i 
**«L-CV*6. W*Att. 12-C**2 11*9 

T<0®«Sr*UXfc9, F<0. 4fc&S&ff : . BP*>& 
(l) a'jS9 4oW*«r*L-CV>?>. *fc* ®«G 
fcffi«DI±. *»2 1 2 ±9±roffi***^* 3 "^ F 
<0. 4fcfc6*fr, BP^*#* (1) *s^9 4o^« 

[00 7 8] Aft 2 1 3tt. lnGaNg*!!:-^ 
i6Rg-CfcaAl G«N*7y K*-C»**ix5 3S^ 

5. fi«Dtt. I&&2 1 3i9±ro®«5r«^* 5 "^ 
KtfftTSW***^^*. ***** 
«Bk««Ctt, ft* 2 1 3«t9TOffi«fc«LTi3 
9. K*"feC-fc^««$r*L-CV>6. I n 

I n GaN8«fOl nil 
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*4r?>©*-eii, (i) *fr«fc**^« 

■C. I n G a N»«S I-******" K**T*M5** 

[0 0 7 9] lot. l^-««*-K*. InGaN 

jftfilfca3j:0W** s > H«HR«A*fcttfl«CI^**i 
6 .tit, ffltWit^iiK**' 
[0 0 8 01 L*»U ^©1-*±^f*^ -hEW««fc 
IfifcSftS. InGaNS 
«J§*r2 0 0 nm£Lfc»l1-S^ *<0±lcfflS£ftfc 

$h-fc**(*:SW«S^* 5 «^tfc. wWCfc*»f>. I 
nGaN««l«^i?f4 2 0 OnmEAT. I n»*tttt 
0 2ETFi:1-*05* s J^. InGaNttffS 
liffiAMC I n SrStfgS ( I niBSifc- 0 . OOlfli 

*>ofc 0 *fc, IdGiN«IIBW*4M (Kif 
~l0nm©it) -Cb^5y^^Jt©a** s *4b. 

[008 l]«oX, U-1f»a*-K*, InGaN 



20 



cro««©f-^ SfetCl niHi^O. 0 0 1»± 

o. 2aTtfc?,*^M* 10nmJLt200 n 

[0 082lB21tt, I nGaNMl^fet"* 

nSfittSrP^ K** 1 ' [nm] t Lfcit, 
ffi«Ai:ffi«B©S#»2 1 IB**"?*****. 



tfi (l) SC4:Wfc1-J: 5 C 

t,= (0 0 0 6 7 7 2 5 + 0. 50 5 7 8 P1 ) (OSp.^0. 09) 
_ 1 0 . 86 + 3 2 1. 88p, (0. 09£p^0. 2) 

ti= (0 00 1 4 29 6 + 0. 1 30 1 4 pi) (OSpiSU. u sw 
-4 2. 2 54+ 1 2 7 3. 3 pi (0. 09£p.*0. 2 > 



[00 8 3] 0. OOlSpiSO. 09*>ol0£ti 
£ (0. 0067725 + 0. 50 5 7 8 pi) 
m%.< 2 >I±»C^-C«$^2)„ 

[0 0 8 4] 0. 09Sspi£0. 2*>olOStiS- 

10. 86+321. 88 pi 
fiJ$< 3 XllikKXS^Hi. 
[00 8 5] 0. OOlSSpiSO. 09*»O (0. 0 

014296 + 0. 1 3 0 1 4 pi) "»S tiS200 



50 



[0 086] 0. O9Sp,S0. 2*>0-42. 25 
4 + 1 2 7 3. 3 pi6tiS2 0 0BP^ InGaN® 
1 n«»Jtpi48j:t«Wti [nm] *s*fct-< 
t*#tt. (P>. »i) 4!±^t**n5< 1 >*»*>< 
4 >ov^i*iX*»0«*(*5>-'&* 11 '* - fc ■ Cfci '' 
[0 0 8 7] 122 OlwKtti. ®«At«S« 

BOMtill. *»*^ iWEBfc««C©«JM»2 

12 fcit/. ««ciff«Dniff*2i 3>±- 1 n 
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*i-H5-B8tt. 1 nGa N««l^iB 9 
9, |35ttA 1 GaN^y KIOAlHttit 06 

[ 0 0 8 8 ] 123 5 tt, 

<D««fc*3^-C\ (1) ^iSttJ:?<i:nil nGa 
TfcS* Ellc:*>V>T, g«Afc*tfffi«Ca*, (l) a 
K#I nGa NillfcMLW^tftotV^ 

I n G a Nffi®l + t-^V>T 1 REU:©***- K*£ 
rS^ftC4oti39, KOTKM nG 

[00 8 9]$5 li^5 9I4, (1) 5fc*:«fc1-«* 

^U-f I ^^CDfi|3glC*5V>T > nSUGaNSfi 
nlW KSir^KKdSO. 4 m nit ftot*J 9 , P 

^G a N#-f KB*5«fctf nSG a N#-< KJIOK*** 
0. 0 8 |imi*ot^2), ^fcx 52, 5 

3 ft, nSAlGalnN^^yKltl^^it 
WnSAlGaN^7yKi> ^pSAlGaN^ 
7 7 KJ§<£>A l 0 8£Lfc*§^<^ (1) 

Xl»5 lttAiBO*ff, «l52ttBtC©*ft, 21 30 
»5 3ttCfcD©*JKr*L-C^S. *fc. fc&5 4, 
5 5, 5 6li, nlAlGalnN^yWi:^ 
n^tWnlAlGaN^yyKl, *3<fctfp^Al 
GaN^y KJB©Al«*fc«rO. lO^rlfci* 
<o s (i).*«:i>fctfHlii:«fcSftvMi«©*#*r* 
D x 4ttAtBO&#, flfc»5 5ttB*C 

&I&5 7, 5 8, 5 914, nlA lGalnN^yK 
Itlu^ttl^itOnSA 1 G a 7 V KH> *3<t 
t/p^A 1 G aN^r; KS^A 1 &i§it£0 . 1 2 i: 40 

(i) a**fci-**k«fc* 

«ff«r*UT*5 9, &$5 7ttAtBCQ&#, A* 5 8 
ttBtC(D«#, £M5 9ttC£D<D^#£^LT^ 
5,»51i^59©H> i»5K 5 2, 5 3 ICO 
V>Ttt, I nGaNWBJiOI nS*tt;€:xK BW€: 
ti [Mm] tLT, **5 1lixi^0. 09Tti = 
(0. 0 0 6 7 7 2 5 + 0. 5 0 5 7 8 xi) ( " u , 
0. 09^xi^0, 2"Cti=-10. 8 6 + 3 2 1. 
88xi, Hi»52ttxi£0. 09-Cti= (0. 00 
14296 + 0. 13014xi) ( - ]) , 0. 0 9 ^ xi 50 
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£0. 2*Cti=-4 2. 2 5 4 + 1 2 7 3. 3 xi, ^ 
&53lixi£0. 09"Cti= (0. 0 0 2 0 9 0 2 + 
0. 0 3 1 5 5 9 x0 0. 09^X1^0. 2t 

ti = lll. 52 + 1110. 5 xiTjfi{a-C#6o 

[0090] ©6 ii, *jaso*«o*w*u— 

OtSiglCfc^T, tDttifctiiftnaiBGa 

ISHfc^T, ««A*5J:t;««C3ft^ (1) ^ 

K#I nGaNg«Ii:^l^tV^i:^o-Ct>i 

I n G a NlMWi + KlfcV^T 1 Kfc£ 
-rsftftlcftoTJSO, I"- 1NW*-KOTKM nG 

[0 0 9 1] »6 lfrhG 9*4, (1) 3**fct«« 

»fc^-1f**<0»iSfcfcV^ nlAiGaUN^ 
7?/ Kltl:*4^4TOniA 1 G a 7 y K 
Jl, *5<fctfp§U 1 G a 7 V KJ1<0A 1 ft Aft d* 
0. 0 8tftoT*50, plGaN^Ki^WnS 
GaN^KlOBIf^O. 08/imt4oM. & 
fc, H»6 1, 6 2, 6 314, niUGa.NlWli 

(1) ^»fc1-«*fc*fc*4v^*<0«#€:*UT 
*59, ^»6 1iiA^B<0»ff, Jt»6 2ttBfcCa>* 

ja*6 3ttC*DO*#*:«L-CV^. «»6 4, 
6 5, 6 6I4, nSlnGaNgSltnS^Kii: 
0>E«&O. 6/imi:Lti^ (l)*«r*fci"* 
*i:«|fcS*V^««0«ff€:*U-C*5 9x «»6 4liA 
fcB<0##s «»6 5liBiC©*#, *»6 6i4Ct 
.DO*fffc«LtV^, ^66 7, 6 8, 6 9 

I*, n»InGaN«MinJlWKItoHK: 
0. (1) ttffiti'tfc&tmiZ. 

£fcV^««0##*:*bT*i!K £i»6 7l*Ai:BO*£ 
A«6 8liBtC(OS^ jflt»6 9ttCiDO«* 
S^LT^So j&6 l£><b6 9£>9*>, &&6 7, 6 
8, 6 9lCoV^XI4, InGaNSfi^Inlllt?: 
xi, Rgfcti [Mm] ilt, ^6 711 xi£ 
0. 09-Cti=(0. 0 04 4 0 6 3 + 0. 3 6 2 2 
xl) t~*K 0. 09^xi^0. 2t?ti=-17. 9 
58 + 4 7 9XK M68ttxi^0. 0 9 "C 1 1 = 
(0. 0 0 3 1 2 2 3 + 0. 2 6 8 4 7 xi) 
0. 09^xi^0. 2-Cti=- 2 5. 8 6 7 + 6 6 
4. 45xi, &»69ttxi£0. 09-Cti- (0. 
0020902 + 0. 031559x1) ( -°, 0. 0 
9^xi^0. 2tti = l 11. 52+1110. 5x 

[0 0 9 2] <C*5, ^^^#^'^C^oV^T, 
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pffl) #4 b'Mt nS! (*fclipS) InGaN®®! 

[0 0 9 3] BB 7 14, *3«6<0*«©¥Wtt U'-lf 
<D« igK*5^T, ( 1 ) xt£ii$fc1-<fc 5 ft n M I n G a 

Tfo-5c Ellcfc^-c, ««A*5j:t^««C^, (1) 3fi 
«r«fci-*#lcftoTV^ 0 ffi«BI4, U"-iF$6fi*- 
K#I nGa N««SI-te^U^1-V^fttftoTV>-5 70 

I n G a Nig®S + l-*5V>T 1 &#±tf>K&*- K££ 
f5*ttl:ftot*J9, w-if»«*-K#?WI nG 

aNawJuca-fru^v^fftftsfc*. co«sa»4 

[0 0 9 4] »7 lA>fc7 9(4, (l) 
i«fci&ftVMW**>*ff*r* S/rO*^iC*5VNTL^t 

^*T-Ofl|3g^*5V^r, nlAlGa I nN^ 
y y \?M*\^*£tlb£X<DnmA 1 Ga Ntyy K 20 

^J:(;plAlGaN^7y KJI0A 1 ft*Jt# 
0. 08tftoT*5«9s pSGaNtf^ Kl*5J:tfnS! 
Ga N#-Y KlOKWdSO. 0 8 jj m t ft otV^o * 
fc, H&7 1, 7 2(4, nil nGaN««/Ii nS^f 

4 h'MtovBmzo. 2 Mmafci^ u) a* 

«Sfc-fS«t«fc$ftV^«0*ff«r^Lt*5!5, H«k 
7 1llAtBO»ff, **7 2f4BiCO«ff % Hi»7 
3l4C£DO^#£f£L-C^6„ «&®7 4, 7 5, 7 6 
(4, nil nGaN«MtnI^ KIt©a«: 
0. (1) 30 

SftV*«*<0»#fc*l,T*5?K «H7 4l4AtB^«£ 
®i6l7 5f4B £C<7):&#, «fi»7 6*4CfcDO«ff 
**LT^S. ^17 7, 7 8, 7 9f4, nil 

nGaN«fIfcnI^Kiioa«rO. 4Mmt 
Lfc»*©, (l) *«:«fci-««i»fcSftv^«o 
^#$r^LX*5t), 7f4AfcBO*ff, ^78 

liBiCO*#, jS«7 9I4C fcDtf>*#&*LTV> 
5o »7lA^79^n, I«71l:oV>m In 
GaN&®JI<£>I nUlttrpu WWrti [urn] fc 
LT, pi^O. 09"Cti= (0. 0 0 9 7 3 7 6+ 40 
0. 6 9 2 7 1 pi) <-'>, 0. 09£pi£0. 2 T? t 

1 = -6. 6349 + 222. 7 2 p i TSSfiT?# So * 
fc, flfcfc7 2.Hu pi£0. 09tti= (0. 0080 

2 6 8 + 0. 5 8 5 3 3 pi) 0. 09^pi^ 
0. 2-Cti = -8. 9956 + 273. 9 5 piT?i£{& 
•C* ho 7 5 14, p i £ 0 . 0 9 T 1 1 = ( 0 . 0 0 
17672 + 0. 088604pi) , 0. 09^ 
pi^O. 2 T* 1 1 = - 1 0 3 . 63 + 2403. 3 
pi, £i»7 3f4pi£ 0. 0 9T*ti = (0. 0067 

7 2 5 + 0. 5 0 5 7 8 pi) 0. 09^pi^ 50 
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0. 2"Cti=-10. 8 6 + 3 2 1. 88pK&»7 
6f4pi£0. 09Tti= (0. 0 0 1 4 2 9 6 + 0. 
1 3 0 1 4 pi) ( "°, 0. 0 9 ^ pi £ 0. 2tti = 
-42. 254 + 1273. 3 pi"CM-Cl?)o 
[0 0 9 5] El 8 (4, ^HJfiO^ffiO^ffu— 
OtfSi£lCfc>^T, (1) ^CS:86fc1-<t9ftnSl nG a 

-Cfc<So EUcfc^T* fl«A«Sj:tfll«C^ (1)3; 
SrSffci-ftWcfto-CV^S. WSBI4, U'-if*fi*- 
K#I nGaN«fjSJCjB*L^i-V^#iftoTV^5 

I n G a NttWB*fc*5V*T 1 fc£U:*>*R*- Ktrft 
■f6*#JCfto-C*J9, U-f8i*-K#WInG 

[0 0 9 6] »8 lfrbS 9J4, (1) a&KSfc+fcfc 
fc»fc*ftv*«©«**. S^#:tti:^^li6L 

W*U-iF**0*a6i::*3V^ niAlGalnN^ 
7* Kl^lC^mixfc^TOnSU lGaN^yK 
J§, *5j:t;p®AlGaN*7yKJlOAl»AJt# 
0. 08tftoT*59, nSlnGaNSIItn®^/ 
^KltOJBt^O. 4/imtftoTV>5o ** 
8 1, 8 2, 8 314, G a N#>f KSOJU? £0. 0 8 
^mtim^ (1) a*r*fc1-««fc*»fc*ftv^ 
««0*#fc*LT*3!K H&8 lf4Ai:Bcag#, ^ 
US 2(4B i:C0«^ H»8 3(4CtD<D«#^L 
TV>$ 0 fl£j®8 4, 8 5, 8 614, GaN^ KJ§0>S 
JSfcO. (1) ^Sr«6fci-«« 

t«fc*ftV^«*0«#€r^L-C*5i?, «t»8 4!4Ai: 
B©«ff, «t»8 5J4B tC©*#, ®&8 6l4Ci:D 
^>«#€r*L"CV^, ^H87, 88, 8914, GaN 
^ KJiOJi/P«r0. (1) ^ 

^«fc1-ffi«t«Sfc*ftV^«O*#Sr^UT*50, £ 
»8 7liAtBO*ff, *»8 8l4Bi:C<0*ff, 
8 9J4C£DO&#£!£L-tV>-5o 
[0 0 9 7] ft*5, 08O|f»emt4, flS*^fcfelC± 

1 [<im] , d2 [Mm] b\*1tb%s (di + d2) /2 
= d$r, KJMWi%*.*utf* WS<DVm&Z<OZ 

"C, *5fte>ftv^«H«w*5Wf^<bR3£*ix^o ^ffiW 
1^*4, 0. 33^di/d2^3^^B"C*>9, 
L<I4, 0. 56^di/d2^1. 8-CfcSo 
[ 0 0 9 8 ] ® 5 H21 8 ct !? , ( 1 ) &&WtfZtnVLtf 

igH*3^T, nSAlGalnN^yhWC^n 
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10 



Z>&XCOn$lA 1 G a N * y y Kg, fccfctfpSUlG 
aN^7 v ; Kl^A 1 8lii|itJ&* 0 . 08, nilnGa 
N«»J1£ nS^ KJgi<BE«J&*0. 
^OGaN^KM^O. 0 8 ^rat^otl^HT 
!f«^«:frS+6l»tt, InG 
a N«a^<0&ff:fcJ;lM nSAlt^ (1) 5£*r»fc-f 

6*, (1) a*r«fc1"««i«fcS4v^««o*jm 

[0 0 9 9] *&Wmb<D%mz£Zt, InG 

aN»fl«r2 0 0nmm±amh *tf>±{cfc/I 

#0. 2^±OI nGa N®®JI£«JI-t-6£> *<SLh 

! nGaN8»IWlfli2 0 0 nra^T, I nH 
ftltttO. 2J^Tt1-50^i:V^ $b\Z. % InGaN 
«WS«ffi^tCI nfc^tffi* (I nfifttttfO. 00 
lfilTOfct) Tt)^77^K±W^Ml, In 

A/i?**>fe4a»ofc. InGaNMiliW* 

- 1 0 3. 6 3 + 2 4 0 3. 3 p i S 1 1 S 2 0 0 0 

(2) 

(b) 0. 3-0. 4 (tmOittt, 

lOSti^ (0. 0 0 6 7 7 2 5 + 0. 5 0 5 7 8 



(25) #^2001-148539 
♦ ftffi&J? (R«l Onm^T) Tfc* 7 y *BJk*>3b*# 

[0 10 0] £Lti:!K *jUfi<0^ttl-felt2»*W#^ 
-U*?-«tM£*3V*-C, InGa umamv> I n&fitts* 
pi, RJP£ti [nm] (pi, ti) tfffi 

fc-J-^SWgcSr* I nGaNSffltGaN^ KSt 
<0ffi^ (a) O.'2-O. 3**mO££\ (b) 0. 
3-0. (c) 0. 4&±tf>£# > 

(a) 0. 2-0. 3 (im<DkZlt* 

0080268+0. 58533 
OOlipi^O. 09 



9956+273. 9 5 pi 0 . 



lO^ti^ (0. 

P i) <-i>a>oo. 

1 OS tiS-8. 
0 9<piS0. 2 

(0. 0 0 0 1 7 6 7 2 + 0. 0 8 8 6 0 4 pi) 
5ti^2 0 0 d>o 0. 0 0 1 S p i S 0 . 09 



0 9<piS0. 2 



&9<piS0. 2 

(0. 0014296 + 0. 1 3 0 1 4 pi) ( ' n S ti 
^2 0 0^00. OOlSpiSO. 09 

8 6 + 3 2 1. 8 8piA>O0. 0 >K 
-4 2. 2 5 4 + 1 2 7 3. 3 pi £ 1 1 £ 2 0 0 A*o0 . 09<piS0. 2 
(3) 

★ piSO. 2 

(0. 0 0 3 1 2 2 3 + 0. 2 6 8 4 7 pi) <- ,J Sti 
^2 0 0^00. OOlSpiSO. 09 



pi) ( - ]) ^o0. OOlSpiSO. 0 9 
1 OS tiS- 1 0. 



(c) 0. 4 »m£k±<Dk$n. 
10StiS(0. 0 04 4 0 6 3 + 0. 3 6 2 2 pi) 
C-U^oO. 00 ISpiSO. 09 

10StiS- 1 7. 9 5 8 + 4 7 9 pi^oO. 09<* 



- 2 5. 



8 6 7 + 6 64 
(4) 

WW3 7 0-4 3 0nm (2 0*0 Oftffl-CWS 
LTfc, nGaN«il^>f KSirOlffllc^8 40 

£;h,5A 1 Ga N^77 K*O»*it«r0. 0 8*^ 
0. 2<7>«fiffl-Cth»LTt>, ^fcnSl n G a N®®JI 
t nS#>r KSfcOEUfcO. 4-0. 8nm<Dttffl-C 

[0 10 1] £U:tf>^«U:J:tK #K (b) 0»#W|S 

0. OOlSpiSO. 0 1 co^lCtt ti S8 0. 

0. OK pi SO. 0 2<Dm&\Z\* tiS6 0, 

0. 0 2<piS0. 0 3W^lC^tiS5 0, 

0. 0 3<piSO. 0 4 OtfrfrlClit iS4 0, 50 



4 5 pi S ti S 2 0 O^OO. 09<piS0. 2 



0. 04<piS0. 
60S tiS20 0, 
0. 0 5<piS0. 
30S tiS200 % 
0. 06<piS0. 
1 0 S ti S 2 0 0. 
0. 07<piS0. 

0 0 S 1 1 S 2 0 0, 
0. 1 KpiSO. 

1 OS tiS 200, 
0. 1 3< pi SO. 
4 0 S 1 1 S 2 0 0, 
0. 1 4 < pi S 0. 



0 5 <Dm&\Z.l* 1 1 S 3 0 1 



0 6 <Dm&\ai 1 1 S 2 5£fcttl 



0 7 (DWt&^tt 1 1 S 2 2 Sfcti: 1 



l ioi*l:liti^2 0*fclil 



1 2 1 1 S 2 3*fc«il 



1 4 CD^Ufi 1 1 S 3 0 1 



1 5 (DWt^T^rt ti S 3 2£*:fil 
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49 



50 



5 0 S U S 2 0 0, 

0. 15<pi£0. 1 6^^lCte ti ^ 3 5£fcttl 

6 5^ti^ 2 0 0 N 

0. 16<pi^0. 1 7<D%s^\Z\* ti^4 0£fcttl 
75^ti^2 0 0, 

0. I7<pi^0. 1 8CO^ICii tiS4 5^^111 
90S 11^2 0 0, 

0. 18< P iS0. 2 OO^lCfi ti S 5 0 
0«fflrt-e±B*#«:»fci-it 3^*15. (a) , 
(c) 0*fr(COV>T*i, 5C*Ofc«)»*L4V\ #H /0 

G a N8II^)0tl^ U*lffcWf4 5 0 nm, SAJt 

no. o 2Tfc«3, ±ettfflrtic^**u-cv*5 c 

10 10 2] ft»4*¥»ttfe1»Sfci()0, InGaN 

»<7)J:545?»d»fe, InGaN«|»M 

LnS^y KSftld^SSft* I n G a N®®JIlC:fc 

Mm^€ScOiiJQ$r«<yi:* N I nGa NftWJIlCfctt 20 

mm<D I n*&j££*£<-f St, InGaN«fi!:fc 
it -5 U'-IPWS*- K*>*fc#*S < fe6fc** I n G 

0. 0 9fc^9ft#&tttoLfc##«fcv\ 
[01031I9& *H*<D^ffi(^^»flcU-^*^ 

0«St**b, niGaN = ^nilI«ftStfc 

Sr*LfcS|-C*>5. nSMGalnN^yKi 50 
mJPifoO. 8 Mm) ^S$h<5nlInGaNSIK 
S<om&\t&X.Xfffl¥-t>K B5i^H8^*1-fH*A, 

1, 9 2, 9 3fc*S*Vtl^. E*lC*5V>-(\ #149 
1H I nGaNttWIO&AJttfO. 0 2, if^5 
0nm<ft££O#te-C&S 0 Wt9 2fi, aftJtft'O. 
0 7, 1^5 0 nm©£*G>*H4"0*>*. ^9 3 
te, iS^it^O. 0 9, IfdSl0 0nmO^©#t 
-Cfefco #tt9 4tt, nSA 1 G a I nN*7y 
WnlAlGaN^7yKi «W0. 8/im) O 40 



tt9 1, 9 2, 9 3, 9 4<D±TII*dV^T, SiiSKi: 

B««a««o«*, FFPIc&ttsy 

[0 10 4] #tt9 l*5j:tf 9 311, #1492 

«*^*<4o-CV^^fc^*>A*5. wiltt. #tt9 2 
<&*#fc*5V*T* 1f»S*- K# I n G a NtttM 
Ktt*L*+VvRj|Wc/j^T*5!K CCOInGaNiS® 
iC^ Ifc l/-f Kii n SG a N = y ^ ^ h 

1^5te^mU^-rv>^J6-Cfe5o BPfc, nlAlGa I 
nN^7y KJi + ^3fi$Jl6nS!l nGaNftiiO 
&6fc*3«ttfIS]?$:, (l) (2) - (4) X, 

Zffilttmmz.Wt'&'t 6 C £ K £ 9 > u— if««*-K 

[0 10 5] &7t, W49 1, 9 3W»*li, «H49 2 

5. cmi, 9 2©i*ttl/-f*fi i t-Ki& J InGa 
N«««l^»<»S*i-<5ft#lc4oT*5 9, InGaN 

9 l*3«t^9 3«)*frf±U'-lf»fi i E— KOI nG 

[0106] *nto<Dmtevtim\siz ^-v t 

A/i?£T#»«U S8fg*>Kffi®JE (V P ) i«5V, 
HfimKttft (Jth) ^2kA/cm 2 -Cfcot * 

v^t>. iStttTl 0^Iffl^±^M^ffi^$'ti:•CV^?> 

AlGaN^7y Kit^nll nGa N&®E£1?A 

Lfc*jSfSMfc*1"^-iFtt* ftl 0 0 o^rasiiur 

[0 10 7] 

[&1] 
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I n G a N&ffig 


0 2 1 ICfcHT 


- KOSttB 




I n!&&tt 
P i 


At* 

t, Inm] 






0 




1 (**> 




easel 


0. 02 


50 


o> 


0. 98 


03 (a) KSKGl 


C 0 8 « 2 


0. 1 5 


30 


<2> 


0. 07 


H3 (a) \zmx 


c a s e 3 


0. 05 


1 7 0 


<3> 


0.0 2 


03 (a) ICWEI 


c a 8 e 4 


0. 1 1 


1 2 5 


<4> 


0. 93 


03 (a) 


c a s e 6 


0. 03 


1 20 


B 


0. 65 


03 (b) 


c a & e 6 


0. 1 7 


7 0 


B 


0. 50 


03 (b) 



[0 10 81 ftl 11, ffl^yt I n G a NttVffO I nil 

mmt>*b. InGaN»lri^lt«t (HP*,, I 
nGaNgfIOlf?r0nmi:Lm) O, U-1f 

S 0 casel-case6lt 021 iCifc^T^Jx^ 
214, 215, 217, 218, 219, 220 
\zn%i-*>&VhZ> Q c a s e 1 fi««< 1 >fc«U 20 
case2li«*<2>i:|IU case3(ifi8<3 
XCJBU c a s e 4te^®< 4 >t-JSL, caseS 
*5<fctfc a s e 6 ll^lC^B (Cj® LXV^6 0 InGa 
N«»JiO«a©«a«COV^-Ctt, c a s e ia>e>c a 
s e 6*"CO^TI-*3V^T, nllnGaNSIri^ 
nlGaN^Kl^W^O. 4^m, n^Al 
GaN^yKIOAlM^O. Is n^GaN# 
A KBW«5«fctfpS!G aN^ KBBSUS#£ fcfcO. 
Umiiot^5« l^-1f»«*-KO«ttBB&£ 
fcftfttt, InGa NttftfBoKVd* 0 n (31 30 

MS) (Dl$r 1 i Lfc»*rc«#«*r*LTV*S. -ft 
£E5 £s easel, case2, case3, ca 
s e 4 0^-fftl-*5V > -C 1 b, 1f»*e— K*>SttB 
BR Di&JMRRtt. InGa N««S<0fl»¥tf 0 n m<04§ 
£ (JlS&ffi) 0 9»&±0{|£^LT;fc!K U— f»« 
KG>«JMMIitt; El 3 (a) tHWCfctK FFP 
li^6<}-Cfcofco wftfc*frU c a s e 5, case 

II, InGa NttKMOHW^ 0 nnOlM 

telS3 (b) fcRfc-Cfc!?. FFPttJy^WR 
JL£ftfco £A±£9> I nGaN8WB<0I n»*Jt*5 

[0 10 9] 4455, **HO»»fcj3V*-Ctt, nSAl 
Ga I nN^77 KB* fc**ft6 n Si A 1 Ga N^y 
y KB, *5«fctfp^A 1 G a NI^*5»t5A 1 Mlfcf±& 
1" Lt>£TI^CTifc6&gte*<, *0>BK::*S^Tfc» 50 



BF45/<7>-^*« (1) 5«ri«fc1-,fc 5*-R»**t 
it I nGa N®SfB£n§JA 1 Ga InN^7^ KB* 

£%«-ffttf, ^^-fi^t^itiAlG 

aN^77 ki oa i »*Hstt*rn-^i-*wfc3fi«a 

[0 110] *fc. **16(Z>^(g^*5V^r, »ttll4 3 

FtctXt, *»wt*5V^eBt SttSIWR* (i) 
43 J: V InGa NftWSKSS LX&9h S*t6W»a 
(2) - (4) tt«;b*>1\ MtiW^^fco 

[0111] fc*5, *Jlifc©»»-43rtft*»*^-* 
0«jt"Cn^A 1 Ga I nN^7y KlinSGaNa 
W>? hBon{C^ttdiV«nai nrGai-rNM 

[0112] **iaio»»^fts*«#v/-if 

T?t»A<* fcfcjttfGaN«tR-Ct>J:V^ -*>*§£\ A 
1 G a I nN^7y KB+fc4li££ftS I nGaN8« 

[0 113] «ilw>#tB2) 041*, #J8BOJB2 0 

*LTV*S. ^Bftt, (0 0 0 1) C® 

U-7T>fT£«l (BSJP30-30 Ojira) , GaNg 
fi/^>77l2 (IfO-lOOnm) , nSGaN^ 
y**hB3 (JKJP0. 1-10/im) nilnrGa 
1-rN (O^r^O. 2) if!4 1 (EW0-2 0 0 
nm) , niAhlGai-xiN (0. 08^x1^ 
0 . 2 ) 9yy KB 4 (HV 0. 2-0. 8/im) £ n 
UnpiGai-piN (0. 0 0 l^pi^O. 2) ^® 
15 (Hil 0-2 0 0nm) t n SJ A 1 «2 G a i -i2 N 
(0. 08^x2^0. 2) ^77 KB 4 (H51J? 0 . 2 
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(28) 

S3 

-0. 8um) A^^inSAlGa InN^7^KI 
1 5 (ttHWttO. 8-10yra) , nSl n» G a i -• 
N (0<s^0. 1) ^K*6 mW-O. 0 8-0. 
1 5 m m) . In.Gai-.N (0<w<0, 2) #FJ1 
t I nvGai-vN (0<v<w) PCSA ^O^S^JIW 
£ (IMW/tfFJB/ • • * /WFM/WSM) ***** 
6*Mtf*FSttJi7 «%J6*3 7 0-4 3 0 n 
m, »P5-60nra) , pSAhGai-zN (0£ 
z^O. 3) ^1)7^0^18 (Blf0-20n 
ra) , pIIntGai-tN (0<tS0. l) KS 70 
9 (111*0. 08-0. 15/im) > pSAlyGai-y 
N (0. 08^yS0. 2) ^7yKilO (fl£J?0. 
2-0. 8 urn) , piGaN3^nill (figi? 

o. 01-10 Mm) <D%mm%*mfrmw&Ziri 

[0 114] *<&±fcli, M&SKOltfUll 2#, 

^*±©tt**iiic»i*s*u-cv^ 0 mmffil 3 (1th 

Xtf, Pd/Au, Ni/Pd/Au, Pd/Pt/A 
u«) tt, P iGaN3^ni^)-«Ltil 

fil4 (fctxtf, Ti/AK Zr/AK Hf/ 
AlftH tt, niGaN^^ hJifl>-«*ttJLfc 
|E±|C»J**JXTV^. nSGa N^i"** h 

nil nGaNifl, nSAlGa I nN^7>; 

Kg, nSlnGaN^KI, fnGaN«»# 
FSttJl, pSAlGaN^DT^o^l, pH 

nGaNWKI, pSA 1 G a 7 y KSL plG 

[0 115] *«t©»«l-J8lt5*»#^— 9 s 

©JSiit^ifeto^Ta^So *1\ (0 0 0 1) CSf- 
77>f7SSfrft»t5. *fe#trt: (0 0 0 1) CffiiT- 
77-<7S«^MOCVD^I^Al, H2^a^ 

e>**c, fii i o oroit&ia-e* y-~y^£fir5o t 

©ft, ^-Y!iT^^i:LT7K* (Hi) £1 

0 11 v h*>/ml nmUt&b. 6 0 or-CNHat h 

(TMG) ZZtl^tlS x )v Yfr/m 
in, 20mol/miniAlt, 0— lOOnm 
(fcti(j!»2 0nm) ©J?^©G a Nfifi/<y 7rS 
*rJ**1-*. ftfi/^7 7lfcim GaNldRfe 
•f, h 9 *?VW7/US-£i> (TMA) , TMG. NH 
3Sr*6ffiL-C, AlNl^GaAlNMV^t)^ 

bVVfiftv*. 

[0 1 16] N2 4 NH3£-t*l-eiX5 D s> h^/ 

m i nlL^&Kl 0 5 Ot^tWt^p fi£#± 
#*Wi* yT#*fcNia>feHifcftjfcT, TMG £: 
lOO^mol/min, SiH4$:10nmol/m 

i n^Att, niGaNa^nMO. 1-10 
Mm (fctJttftt4 j/m) fitftl-S, fcfc* TMGO& 5i 
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ft^fftU, V 7Xf**H2*»feNilClWtt*. 
T, »8 0 OrSTPWaa, TMG£l 5nmol/m 

(TMI) fr-«*«L<t#6, I BrGai-fNi 
1M (rttx.flr=0. 07) $:0-2 0 0 nra {tit 
*tf5 0nm) tt*1-6 0 RIC, TM I cfctfTMG © 
«««rffitUT, ?W1 0 5 0*C*-C#fiU Ir^VT 
#*fc?WN2*»&H2fcft;*.-t* TMGO«*£5 0m 
mo l /m i nlCHSU TMA& 4 0<imol /m i 
n^AU, nSWAhiGai-nN^7yKI (fc t 
Mxl = 0. 1) SrO. 2-0. 8^m (fcUtf 
0. 5 Mm) (Ofit$-e«*1-6o fcl^ TMG*5«fctfT 

t/ftxt, #J8 0 0t:*-CRiML TMG£l 5/imo 
l/minl:MU TMI t-SliillWb, In 
pGai-pN&£Jl (ta«P=0. 02) £10-2 
OOnm (fcfcxJ* 5 Onm) TMI 
«J:t/TMGO«ftfe#JhL-C, St;i 0 5 0t*tfft 
SL, * + y 7#*&mW2J&><bH2lc:ttX-T, TMG 
tf)flft&£5 OMmo 1 /m i nlcH&U TMAS: 4 0 
Mmo 1/m i n^AU, n^tf) A 1 x2 G a i -*2 N ^ 
yyYm (fctx«x = 0. 1) £0. 2-0. 8/irn 
(/ct^ffO. 5 M m) ©fl[$T?**+6o 
[0 117] A lx2Gai-x2N©/fc*J&M*Tl-*fc, T 
MA*5J:l5TMGO«ft«r#±L, ^rty7^$rH2 
^bN2l^XLT, ^7 0 0ttl?MU TMG£l 
5 Mmo l/m i nKOTSELT, TM I &-J£*»Lft" 
#<b, nlln.Gai-.N^KI (fc^X^s=0. 
01) £0. 08-0. 15/ira (fc£;ttf0. 1m 
m) 5 fc**-*-*. TMI £10 Mmo 

l/min{cU$gU I nvGai-vN (fcirx.ffv = 
0. 0 5) J: 9 t£Z>1tt7L\%4 nm|^Hli^l:t 
5o -toft, TM I <D9k&-& SO^raol/minl:* 
DPU In.Gai-.N (fc4;ttfw=0. 17) <t 19 ft 
Sfc4jttf2nm»rc#F*fcJ*ft'*S. ^4x_«> # 

fi 4 ©ra *5 «* ^w^tcii^n- 4 g o»ss .^#ft-r * 

ct?ft^7t&*3 8 0-4 3 0nm (7tt^«4 0 0- 
4 1 Onro) O^fift^WF (MQW) «rrt*i-6, M 
QW©f&g#*TT TMI*5^VTMGO«iefe 
f^±tT. Wl 0 5 0t^-C#£U ^f^^«r 
WN2 36»feH2^iLX, TMG^r 5 0 Mmo 1 /m i 
n, TMA$r3 OMmo l/m i n, piK-^^^I 
ff-Cfc6^Xi/^n-0'^i?*sA'^^ r *V»>A (Cp 
2Mg) 1 0 nmo 1 /m i ntfftU, 0 — 20nm 

(7t4^«20nm) S(DplAlzGai-iN (fc^ 
|^z=0. 2) H!i7^o^i^t?>, 
7^o 7 ^I©**i«»7to^ TMA*3i^TMG 
*3J:t;Cp2MgO«ft^ffJhU **r»T#x*Hzfr 
9 bN2^x.r, «7 0 0«TMU TMGSrl 5 
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56 



timo 1/m i nlCgSSUT, TMGO««*fel 5* 
mo 1/mi nlcSBgLT, TM I «r-£4«U Cp 
2Mg$rl Onmo 1/mi nil, pglntGai-t 
N#-f Ki (ttx.tft=0. 01) £0. 08-0. 
15/xm (fcfcfctfO. Um) + TMA*5<fc 
tfTMG:fc<fctfC p2Mg©#&£#ltLT, ff^lO 
SOt^T^&U yr^^^rfft^Nzd^HatcK 
TMG<Z>W£& 5 0^ m/m i n icggg 
U TMASr 4 0 nmo 1/m in, CpzMg^rl 0 
nmol/rainlAU 0. 2-0. Bum (fcfc*. 70 
fiO. 5ixm) J?<OpSA lyG ai-»N^7y KB (fc 
fc;ttf y = 0. 1) «r**1-5. TMGOWS 
fel 00/imo l/mi nlC^^LX, TMAWM^: 
fflLU 0. 01-lOnm (fcfcx.H0. Um) * 
OplGaN^y^ hB^lSftSrfTV 
«ft«r»ITi-6. jMW**Ti-6k* TMG*UtfCp 
2Mg©ft*8«H*JtLTI*fiU gi&TMOCVDSB 

[0 118] *u— !f*5Mr*1-5KO**BB 
MS) 0>*ffifi£©¥*SMi (R a) ttttl 0 nratfe 20 

[0119] *(o&s y*hv vtfv? 

Gai- y N*?y KB*^^^*:^* 
t»Jftbfc«, y^?7-<-&««rBV>TpS! 

t^pSGaN^y^^ hS<D-W«tfJLfcffi±»-, 

N i *>*VM*Au/P dfcJBVvtUiftV^ £fcs n®G 
aN^y^ M©-»*fflLfcB±©«*^ffil-, * 

[0 12 0] «Hcf»B!fc6v^ttK9-faty^>^»*: 
Jfll^ca^JM&O. 5mmt^5J:9iat, ^7- 
fcftftttliHMtLfc. 

[0121] B±fc J: D> 1214 |C*1"JR 2 ©Hi£<0^® 40 

®#>f KStt, I nGa N-C«WteJVCV^ 0 *fc> * 

A 1 G a I nN^y KB*fc**Jt5 nlll nGaN 

nil nGaNWL nfflA 1 G 

a N* 7 * Kl-C«***t5 3l^7^CTC^l 
ftv^ft* (1) *«*9&oJ:5lcRH-&*fCV*6. 
[0 1 2 2] Ell Oil, InGaNailfc^Kli 50 



3»($:U-1f5Ri 1 ^®i-*5V>T, (1) 5S£iSfc1~«t:> 
fcnSl nGa N»*S<0 I nMfcfc 
SrEI^Lfc l bO"Cfc6 0 EHifc^T, ©#A*3 .fctflBW 
C#, (1) *fc«fc-*-*fl : lCfto'CV^. S*Btt, 
U-1f»«*- K* I n G a N&»llc££ L*1^fc 

fc, ««Dtt. I nGaN««i1>fc*iV^-Cl*a±«> 
Sft*-K^i*6*#^^or^!?> ^— 
K#WtM nG«NWBfc»*L^V**frfc*6fc 

[01231H101M109I1 ( 1 ) ^Sr^fc-f 
®# (A, C) fcWfc£4VM»* (B) ©£#£s «* 
0*#(C*5V^XU*Lfct©-C*>5, «JM»±^*5V^X 

a^OHHBfcfcV^-C, n^A lGalnN^y KB* 
C^^it^nSA 1 G a N* 77 KB, *5i:I/p 

0. 0 8fcfcoT*5!K nllniGai-iN^KW 
J:t/pil ntGai-tN^Kl^IWO. 0 8 /x m 
fcfcoT^*. £fc> Mil 0 1, 10 2, 1 0 3fi, 
nil nsGai-iN^ KB&J:tfp&I ntGai-tN 
#4 KB© I n&Ait*r0. 02tLfc*frO, (1) 
^Sr^fci-M^ fc^fc * ftlfMWK©*JMr* LX*J 9 , 
Mil 0 lttAfcB©*** Mil 0 2ftBtCO* 

Hlkl 0 3ttC£D©*#*r*L-CV**. *fc> * 
Hi 04. 1 0 5, 1 0 6ti, nllnaGaj-.N^ 
KJUS^tfpfil ntGa»-tN#-f KB© I n»*tt;«r 
0. 0 4itti^ (1) **tte+«*fct>fc* 
4v^«(0«ff«r^LTi3 9, «D»1 0 4ttAfcB©« 
ttftl 0 5ttBK^ *»1 0 6\*CtD<D 
*fc, JfUll 0 7, 1 0 8, 1 0 9 
li, I niGai-iNW KBfc^tfpBl ntGat-tN 
jlf-f KBOI n«**t«r0. 0 6i:Lfc3§^©> (1) 
^Sr^fc+^Wfc^fc * *v*«K©#ff l-^* 5 5 * 
AMI 0 7iiAfcB©*#, Aftl 0 8liB£C©Jg 
MM I 0 9ttCfcD©*#*:*U-Cl*S. 
[0 1 24] Hi II*. I n G a Nft®B t %4 KB t 
©KJ&a*0. 4Mma±fc6J:}ft, 
^^-f J ^(0«5glc*5V>X> (1) ^S:»Sfc1"i: 5 
ftnSl nGa N»«B© I n«*Hs*5j:tfIi»©«ll 

^ria^Lfct^-efo^o Hi-*5v^r, ^«A*5<tt;®« 

(1) *«fc-i-*ttfcftoTV*6. «*BI±, 
l^-lf»«*-K3&» I nGa NHWBlCft^L^i-V^* 

fc, fcfcDtt* I n G a N««B*I-*JV^-C 1 *£^±© 

K^Ht/I n G a Ni®H^^ l^t V 

[0125]«UlHn9tt, (1) ^Sr^fc-r 
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J7 



58 



10 



20 



ffitt (A. c) k*fcSfc^«« (B) 

14. ±T<o*a^.i:tT. #3it6©»mw¥-*fci'--if 

3g^<7>flfitlc*5V>'C, nlM Ga I nN*7y KS+ 
IC^tfti^TOnSA 1 G a 7 V KB. fc-fctfp 
lAlGaN^^yKiOll?*^. 4 ti m. 
0. 0 8t'iotfc!), nil niGai-iN^ Kl*5 
itfpSl ntGai-tN^ K1»^J¥«50. 08i.ni 
fc/iotV^. SlU. 112, 11 314. n 

Ml n.Gai-.N^ KBfc-ttfpSl ntGai-tN# 
W Kloi niiSlttO. 0 7 b Lfc^ro. (D^ 

1 1 lttAiBW&ft. Si 1 2l4BtC<0&ff. Si 
1 3i4CfcDO*t»«r* 1/0*5. *fc. «Sl 1 4 > 
115. 11614. nllniGai-iN^KI^iO 1 
pSl ntGai-tN*^ K1«5I niaAtfcSrO. 0 8 i: 
(l) K?r?Sfc-r®*fc«ifc*'!f'^« ro 
«#$r*UX*3*). Si 1 4(4AiBOii#. Si 1 5 
ttBiCOgff. Si 1 6ttCfcD«5«ff**L-C^ 
5. *fc. A»l 17. 118.11 914. nffll ns 
Gai-.NW KlJSit/pSl ntGai-tNW Kl 
o> i niSilttSrO. 09iUfci«-©. (l)5£«riRfc 
i-ffi«iSfc*!fcv^«ro*#Sr*t'C*5 5. Si l 7 
!4AtBroi£#. Si 1 8(4BfcCOg#. Si 1 914 

10 1 2 61 01 214. 1 nG a NffiWSirtf'f h'Mt 
ro£JS#0. 3~0. 4 /im©«Sffll-fo5>4;9<f. 

£«fc1-.fc?>!inSl nGaNitt«S«)I niSaUtlSi 

A*JJ:t«H*C*. (1) KtrUfci-ftfrteft^f^ 
5. fp«B(4. U— K# I n G a N««Sfc 
*$*L J ^v^*#i:fc'5"O x -*fc** C(D«iai4eit5 
^t-CfoS. *fc. fB«D(4. InGaNWIW 
V*T 1 R»±»K»*- K«r&-f • 

KWW I n G a N«WlK«*t-*t 
V^fr fc<t?>fcfc. ;i<D«iffll4ffitf$' < £ Si 
21*^129(4. (1) *t«*:-rtl« (A. C) t 
HfcSfcv** (B) ©*JMr. •*©*fl s C*v<t 
»Lfct»-efo5. *JM*-bfc*»v*"Ctt* £"t©#ii£ 

T. nlA 1 G a I n 9 ? Kitfc**h54tO 
n 8AlGaN>?yKI. «40plAlGaN?7 
yKlOMOO. 3,/m. j&Att* s 0. 0 8fcfto"C 
*S9. nSlniGai-.N^KIStypHntG 
„.,N^ KS«KJ?*S0. 0 8^mt^o-tV^. 
£fc, HSl 2 1. 1 2 2. 1 2 314. nlln.Ga 
...Ntf'f KSfciVpSl ntGai-tNW KS» I 
nSAttSrO. 0 2itfc*^, ( 1 ) *t«fct« 
^ci^fc^^V^lgcro^-^^r^ t> . KS12 1I4 
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AfcB<D«ff. HSl 2 2(4BfcCOg#. £S 1 2 3 
liCkD©****^^*. *fc. &S1 2 4. 12 

5. 12614. D|ln.Gai-.N*'fK18Wpa 
lBtGai-tN^Kl»lD«*lfcfcO. 04tUfc 

(i) *.mK+®&t®itz*^®®<»%ft 

VXti 9 . «t»124ttAiBO*ff. SSS12 5 
I4B fc C0>&#. «SS 1 2 6 I4C t DOitfl*^ LTV* 

6. ^Sl 2 7. 1 2 8. 1 2 914. nSln. 
Ga.-.N^ KIfciypHntGa,-tNW Kl 
ni nSAltSrO. 0 6iLti^ro. (l) 

7l±AtB»*ff. £»1 2 8l4BtCro«E#. Ml 
2 9(4Ci:D0)&#&*bO*5. 
[0 12 7]I2113(4. InGaNSflif-l'KSi: 
£>gi&tA s 0. 3~0. 4amWail-*)64' / <t. 

i&oWMo^^-^m^mm^ti^-c, (i) a 

Sr«fc1-J:5*nSl nGaN8«i»l nigi&ttio.fc 

A»J:UW*caJ. (1) 5£fciSfc-t-*#Kfco-CV> 
5. ©«BI4. MS«*- K# I n G a N8«£K 
Ij^^jM-v^ffifto-CV^fc** wro«Effl(4)git5) 

Iftfci. *fc. «*DI4, InGaNWIIfC* 
v-if3B«*- K3*tW0t I n G a NWMCltoL*"*" 

v^*#i<e*fc^ c»«sfflt4iiit?)'<t-cfo5o Si 

3 1^13 9(4. (1) 5£&»fc1-«« (A. C) t 
Wfcfcfcv** (B) <d£#*. «*ro*ftc*»v^v 

X. nSA lGalnN?7«; Kl«f 
n!AlGaN#5yFI. fc-ttf P^A 1 G a N* 7 

yh-isommvo. 3 Mm. a*tfc#o. ostftot 

tit). „I! n.Ga.-.N^Klfci^pSl ntG 
al -tN^ KHroKStfO. 0 8^ t mt/<^o■CV^5 <> 
*fc» $111 3 1. 1 3 2. 1 3 314. nSIn.Ga 
i-.N^W KliBitfpSl ntGai-tN*^ YS<Ol 
n SAltSr 0 . 0 7 fc Lfc#^<0. ( 1 ) ««r«6fci"ffi 
«tS6fc$^V^«»«ff«r^b'CJ39. ^S13 1I4 
AiBtf>£#. S»13 2l4BfcC«)«ff, $S1 3 3 
t4CiDO*ift«r*tXV>5.. *fc, 56S13 4. 13 
5 136J4. nil n.Gat-.N^ K1»J:VpS 
IntG«i-tN3lf>f KJl«>In«*tfc*r0. 0 8 i Lfc 
^05. (i) ^SrjJSfct^tJSifc*^^* 0 *^ 
Sr^LXJSt). 1 3 4l4AfcBtf>g#. 13 5l4BtC 
0»J|l, 1 3 6tiCkDO***r*fCV^. *fc, £ 
S1 3 7. 1 3 8. 1 3 9(4. nS I n ,G a i -• MM 
' KlKit/pil ntGai-tN^ KS« I nSAlt«r 

<tV^i«0«ff«r*LX*3t). 137(4AtB»«^. 
J0 13 8t±BtC<Q«#. i3 9ttCfcDW*JMr*L-C 
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59 

[ 0 1 2 8 1 H 1 4 11, InGa N®«JI t $4 KS t 
(DEMfrO. 2-0. 3 nm<DfflB\Z.h%&0te* 

« J F-w*a^*3^r, (i) * 

9 ft nSl I nGaNH®iOI nSS&fcJ: 

AJ8j:t«WC««. (l) **«fc1-ftttfcfto-CV* 
* 0 «KBtt, l^-««*-K*I nGaN^®llc 

^fCfeSo ««DJi, InGaNSllW 

v^t l ^±oi^^- Kaf5*«oti3 9, 
u-ifSS^t- KtfStf InGa NaMH-te-fr t^1" 

[ 0 1 2 9 ] ft 1 4 1 ]&><b 1 4 9 It, ( 1 ) 5«:*fc-*" 
fi« (A, C) fc«fc*ftV*f« (B) 

li, £TO#il£*:LT, J 1 

t^^ftS^T^n^AlGaN^^K/I, *5£tfp 
gAl GaN^7^ Ki^lW^O. 2/xm, fiftftd* 
0. 08tftoT*5!?> n^lniGai-»N^Ki^ 
cfctfp^I ntGai-tN^ KJKO^@J&*0. 08/im 
tftot^S. 4fc,3t*14h 1 4 2, 1 4 311, 
nS! n.GanN^ KiiSiVplI ntGai-tN 
KS^I nSftltSrO. O2fcLfc»fr0\ (1) 
^«r*fci-«* *fc * ft ^ LT *5 0 , 
£»1 4 1IUtBO«if> H»l 4 2l*BiCCD& 
Jjk H»l 4 3ttCfcD<&«#«r*L-CV*a. *fc. * 
||1 4 4, 1 4 5, 1 4 6H nSlniGai-sN^ 
K!*UtfpSl ntGai-tN^ K!tf> I n*S.§lt£ 
0. 0 4*Lfc*fr*\ (1) ^Sr*fc-r««t«fc$ 
ftV^«©«»*r*LT*3?), tttftl 4 4ttAiBO& 
fit, tt«14 5ttB2:C4>XJl* *fc&14 6ttC£D*> 
*ff*r*Urv^. M»l 4 7, 1 4 8, 1 4 9 

tt, nSln.Gai-eN^Ki^pSlntGa 
M N^ KSOI n«*fc*r0. 0 6 t Lfc*fr*>* 
(1) *€r»fci-««fc«fc$4v>«*0*#«:*L-C 
#9, 1 4 7liAi:BO«#, 14 8liBK^ 

l0 130]Hl5tt, InGaNftilt^KIi 
OgiiH^O. 2 — 0. 3/im(Oteifc5<t5^ 

*fc1-J:3fcn3!I nGa N*8«S*>I n&*tt*5«fctf 

»*V9MCtfi. (1) ***fc1-*ftfc4<>"^*- 
£#Btt, U— if***- K# InGa N«»Sfc&& 
U^i-V^#i:ftoTV^fc*, COt&fflll»tf6'** 
•Cfc5o «*Dli, I nGaNiil^i^t 




1) ^2 0 0 1 - 1 4 8 5 3 9 

[ 0 1 3 1 ] tfk 1 5 1 frb 1 5 9 li, ( 1 ) sfc&iKfcl - 
A« (A, C) fc«fc£ft^»« (B) <0*ff«r, 

^^*®t-*3^-C, nSAlGalnN^yKit 
Ct4Jx54t ©nlA 1 G a 7 y Kl, *3<fctfp 
§JA 1 G a yy KJi0>IOT #0. 2/xm, *Uilta 5 
0. 08t^otj30> niIniGai-iN^Ki*3 
70 iU^pilntGai-tN^KMWO. 0 8 u m 
tftoTV^o **1 5 1, 1 5 2, 1 5 3tt, 

nil n.Gai-.NytM KJIfcltf P§U ntGai-tN 
%4 KBtf> I n3l£iifc£r0. 07tlti^ (1) 
»fc * fcv*«««>*# ^ ^ t 0 > 
1 5 lliAtBOftif, 1 5 2l±BfcC0>##, 153 
ttCi:D(D8ff^LrV>5o **15 4, 15 

5, 15611, nSln.Gai-.N^KWmS 
I ntGai-tN^ YM<0\ nftAttiSrO. 08iU: 
(1) *«r«jfc+iWfc»fc*ftv^l*©«» 
20 t^LXHD* 1 54ttAtB<Dig#, 155UBkC 
<B*Jk 1 5 6ttCfcD<D*#«r^bTV^. £ 
»1 5 7, 1 5 8, 1 5 911 n^In.Gai-.N^ 
KHiSitfpH I ntGai-tN^ K!<0 I nffi*Jfc€: 
0. 0 9ilfci*^ (1) 3*tr*fc+««fc«fc* 
ftV^«0*#^Lr*5l9, 1 5 7ttAfcB<0##, 
15 8liBtCOM, 15 9ttCiDO*#fe*^ 

[0132] ft**, eii o-iai 5<oinrte»i±, 

tOfcfclC±T<0 I nGaN^ Klfe»*. BP^* n ^ 
30 ^ KJi<0I n**Hs«:s, KWSrdi [jim]fcU- 
pS** KSOI n«*fc«:u B£/Pdz [<tm] it 

itt%. dt = d 2 , s = tHfc^ :n*^^fc 

(di + di) /2=d^, K»KWfc*x.ntf. H" 
10-01 5OBMF,f4-t<0**IJI^C-efc9, 
±T*-f KloWtoM^, apt) (s • di + t • 
dz) / (di + di) KI n^i: tT^xiX 

ffl|c*50T^5>R3£$H5c Rfflttfcli. -0. 05^ 
s-t^0. 0 5^®rfc»)> #lC#*L<f*. - 
0. 03^s-t^0. 0 

Hfflttictt, 0. 3 3^di/d2^3^«-C*)D, « 
IC»*L<tt, 0. 56^di/d2^1. 8-Cfc6o I 
nGaN«Hfl^>I niSftttiSrpu 8W«rti [nm] 
ttT, 01 O^^Sl 0 ltt, 
pi SO. 0 9-Ctt= (0. 0 0 2 1 8 2 + 0. 283 
8pi) ( - n , 

50 0. 09Spi^0. 2"Cti=-27. 916 + 63 
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(32) 

61 

1 . 1 4 pi + 4 1 8. 9 4 pi 2 

Z>o El 1 0 fO^i 1 0 2 II 
piSO. 09Tti= (0. 0 0 0 6 4 9 9 + 0. 1 5 
8 1 2 pi) 

0. 09^pi^0. 2tti = 1 0. 467+180. 
0 2 pi + 4 6 0 3. 7 pi 2 
•CafilHT* *. SI 1 0 *OHll 10 311 
pi SO. 09t'ti= (-0. 0020902 + 0. 0 
3 1 5 5 9 pi) ( " n , 

0. 09SpiS0. 2tti=-27. 916 + 63 

1. 1 4 pi + 4 1 8. 9 4 pi 2 
"CifflH^C* 5o01O 1 0 4 II 
piSO. 09*Cti= (-0. 0 0 0 5 7 9 1 6 + 0. 
2 0 2 5 7 pi) M) , 

0. O9SpiS0. 2TMi = 2 0. 2 4 8- 2 1 2. 
49pi + 6390pi 2 
-C3fi^T^6 0 E! 1 0 4>©lWll 0 511 
piSO. 09t?ti= (-0. 0 0 1 3 6 9 4 + 0. 1 
6 3 5 5 pi) ( - ,} , 

0. 09SpiS0. 2-Cti = 6 0. 4 0 9- 8 4 0. 
5pi + 10843pi z 
•Cififl3l"0*5. Si O^OWUftl 0 6 Its 
piSO. 09Tti= (-0. 0 0 2 0 9 0 2 + 0. 0 

3 1 5 5 9 pi) M) s 

0. 09SpiS0. 2-Cti=~27. 916 + 63 

1 . 1 4 pi + 4 1 8. 9 4 pi 2 
-Cj£{a-C#6c Ell 0*5J;tfEll \*<oMMk \ 0 711, 

piSO. 09-Cti= (-0. 0 0 2 8 1 6 4 + 0. 1 

6 9 7 1 pi) > 

0. 09SpiS0. 2tti = 2 5 9. 3 7 -4 7 5 
9. 8 pi + 3 0 6 0 8 pi 2 

-C£&-C£So HI OfcJitfEll 1 08H 
pi SO. 09-Cti= (-0. 0025782 + 0.1 

4 9 0 2 pi) ( -°, 

0. 09SpiS0. 2"Cti = 3 4 5. 0 7-6 3 6 

1. 6 pi + 3 9 3 3 9 pi 2 

•Cifi«-C*S. Ell OfcitfEil \ *<oMMl 0 9(1, 
piSO. 09-Cti= (-0. 0 0 2 0 9 0 2 + 0. 0 
3 1 5 5 9 pi) <_1) x 

0. 09SpiS0. 2-?ti=-2 7. 9 1 6 + 6 3 

1. 1 4 pi + 4 1 8. 9 4 pi 2 
Tifi{ft-C# 6 0 El 1 1 *<D&f& Hill 
piSO. 09tti= (-0. 0 0 3 6 5 8 8 + 0. 1 
5 8 0 4 pi) M) , 

0. 09SpiS0. 2tti = ll 9 2. 2- 2 2 2 6 
2 pi+ 1 1 2 6 7 0 pi 2 
-eififfil-Cf Ell 1*0&&1 1211 
piSO. 09tti= (-0. 0 0 3 5 0 1 7 +0. 1 
4 5 7 1 pi) M> , 

0. 09SpiS0. 2t?ti = 5 2 4. 7 5- 1 0 0 2 




ftM 2001-148539 
62 

9 pi + 5 9 4 0 6 pi 2 
-CiSH"C*6. Ell 1*0$$1 1 311 
piSO. 09tti= (- 0. 0 0 2 0 9 0 2 + 0. 0 
3 1 5 5 9 pi) <- u * 0. 09SpiS0. 2t'ti = 
-2 7. 9 1 6 + 6 3 1. I4pi + 418. 94pi 2 
X-WCZ 6. El 1 1 *<n*MM l l 4 II 
piSO. 09tti= (- 0. 0 0 4 3 4 7 + 0. 1 4 
7 1 9 pi) *-*K 

0. 09SpiS0. 2-Cti = 8 5 8. 5 5- 1 6 8 6 
10 6 pi + 9 5 1 8 6 pi 2 

ho El 1 1 *<D±jm 11511 
pi SO. 09-Cti=(-0. 0041761 + 0. 1 
3 9 1 6 pi) ( -° v 

0. 09SpiS0. 2-Cti = 9 58. 1 6-1 8 8 5 

2 pi + 1 0 5 8 7 0 pi 2 
-Cifi^-Ct -5c ®1 1 +<OXfiM 1 1 6 II 
piSO. 09-Cti-(-0. 0 0 2 0 9 0 2 + 0. 0 

3 1 5 5 9 pi) ( ~ n x 

0. 09SpiS0. 2-Cti=-27. 916 + 63 
20 1. 1 4 p i + 4 1 8 . 94pi 2 

"CiSK-C* *• H 1 1 *v>mMM 1 1 7 II 
piSO. 09-Cti= (- 0. 0 0 5 2 7 4 2 + 0. 1 

4 1 2 5 pi) 

0. 09SpiS0. 2-C 1 1 = 2 2 9 8-4 5 9 4 1 p 
1 + 2 4 3 2 8 0 pi 2 

-CiS«"C£ *o El 1 1 + tf>*ffl^&H 11811 
pi SO. 0 9Tti= (-0. 005134 + 0. 13 
62pi) M), 

0. 09SpiS0. 2-Cti = 2 4 9 7. 8-4 9 9 6 
30 1 pi + 2 6 4 0 2 0 pi 2 

"CiS©"*?**. Ell 1 *tf>*BVvKH 1 1 9*1 
piSO. 09tUi= (-0. 0 0 2 0 9 0 2 + 0. 0 
3 1 5 5 9 pi) <-°* 

0. 09SpiS0. 2"Cti=-27. 916 + 63 

1. 1 4 pi + 4 1 8. 9 4 pi 2 
•CifiGTCt So El 1 2 1 2 1 11, 
piSO. 09-Cti-(0. 0 0 2 8 1 4 7 + 0. 3 2 
7 5 1 pi) M) * 

0. 09SpiSO. 2-Cti=-24. 44 9 + 5 6 
40 0. 5 9 pi + 2 2 2. 4 5 pi 2 

-C5Sfil"C* 5>o El 1 2 *<a£li» 1 2 2 II 
pi SO. 0 9t?ti= (0. 00054668 + 0. 1 
1 6 9 7 pi) <" 1) . 

0. 09SpiS0. 2Tti=-5 7. 4 6 8 + 1 3 9 
2. 1 pi + 1 7 8 4. 3 pi 2 

6. HI 2*G>*IU 2 3H 
piSO. 09tti= (-0. 0 0 2 0 9 0 2 + 0. 0 
3 1 5 5 9 pi) < " 1) . 

0. 09SpiSO. 2tti=4 0. 7 8+ 1 9 8 6. 
50 7pi-2295. 7pi 2 
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(3 

63 

5, S12 4»0>W» 1 2 4 tt, 
pi^O. 09Tti= (-0. 0 0 0 0 4 8 0 8 1 + 
0. 2 2 8 1 2 pi) { - } K 

0. 09^pi^0. 2tti = 6. 7 8 9 3 + 7. 0 0 

9 7 pi + 4 7 7 9. 4 pi 2 

tffltl Zo 0 1 2 tf>®& 1 2 5 1*, 

pi^O. 09"Cti = (-0. 0 0 1 1 6 0 6 + 0. 1 

3 7 8 9 pi) ( - ,} > 

0. 09^pi£0. 2"Cti-81. 0 4 3- 1 1 5 

9. 4 pi + 1 3 5 3 7 pi 2 

tMtlio EH 2 2 6lt 

pi^O. 09"Cti = (-0. 0 0 2 0 9 0 2 + 0. 0 

3 1 5 5 9 pi) ( - ]) , 

0. 09^pi^0. 2"Cti=40. 7 8 + 1 9 8 6. 

7 pi - 2 2 9 5. 7 pi 2 

-?ftWV$Z> 9 01 2*3«fctf01 3 1 2 7H 

pi^O. 09T*ti= (-0. 0029727 + 0. 1 

8 4 6 8 pO ( " u > 

0. 0 9 ^ p i ^ 0 . 2T'ti = 2 1 1. 87-387 
4. 3 pi + 2 5 7 5 2 pi 2 

-Ci££l-Ct5o 0 1 2*3«ttf0 1 3 1 2 8tt, 

pi^O. 09tti= (-0. 0024039 + 0. 1 
3 5 6 1 pi) ( - n > 

0. 09^pi^0. 2tti = 4 1 0, 2 - 7 5 8 4. 
7 pi + 4 6 1 0 1 pi 2 

-C&UX'ZZo 01 2*5«fctf01 3 1 2 91*. 

pi^O. 09-Cti= (-0. 0 0 2 0 9 0 2 + 0. 0 
3 1 5 5 9 pi) ( -°, 

0. 09^pi^0. 2"Cti = 4 0. 7 8 + 1 9 8 6. 

7 pi- 2 2 9 5. 7 pi 2 

■CiSfi-CtS. 01 3**>J«*1 3 It*. 

pi^O. 09"Cti = (-0. 0 0 3 8 1 0 8 + 0-1 

6 8 5 6 pi) 

0. 09£pi^0. 2"Cti = 9 7 3. 6 9- 1 8 1 8 
6 pi + 9 3 3 2 1 pi 2 

5c 0 1 3 *<D%$k 1 3 2 tt, 
p i £ 0 . 0 9 "C 1 1 = (- 0 . 0033291+0. 1 
3 5 8 6 pi) l'*K 

0. 09£pi£0. 2-Cti = 5 8 7. 7- 1 1 2 6 4 
pi + 6 6 3 8 0 pi 2 

T^-Ct^o 01 3 312. 

pi£0. 09Tti^ (-0. 0 0 2 0 9 0 2 + 0. 0 

3 1 5 5 9 pi) <- ] \ 

0. 09^pi^0. 2-Cti = 4 0. 7 8 + 1 9 8 6. 

7 pi- 2 2 9 5. 7 pi 2 

tfiitl 6o 0 1 3 t^ii 1 3 4 fi, 

pi^O. 09tti= (-0. 0 0 4 4 8 7 2 + 0. 1 

5 4 4 6 pi) , 

0. 09^pi^0. 2tti = 7 8 0. 2 5- 1 5 2 9 
9pi + 86683pi 2 




3) tfM 2 0 0 1 - 1 4 8 5 3 9 

64 

t*£<a-C# Z> 0 0 1 3 <nW& 1 3 5 Ji, 

pi£0. 09-Cti= (-0. 0 0 4 0 3 3 9 + 0. 1 

3 2 3 6 pi) 

0. 09^pi^0. 2tti = l 0 5 6. 2- 2 0 8 1 

5 pi + 1 1 6 4 6 0 pi 2 

TiS^-C# 5. 013 *<OW& 1 3 6 li, 

pi^O. 09-Cti* (-0. 0 0 2 0 9 0 2 + 0. 0 

3 1 5 5 9 pi) <-*>> 

0. 09^pi^0. 2"Cti = 40. 7 8+ 1 9 8 6. 
W 7 pi - 2 2 9 5. 7 pi 2 

-C&&-?f 5. 013 *<n&m 1 3 7 (i. 

pi^O. 09t?ti=(-0. 0 0 5 4 0 2 3 + 0. 1 

4 6 4 1 pi) 

0. 09^pi^0. 2-Cti = 2 0 8 8-4 1 7 1 9 p 

i + 2 2 1 5 8 0 pi 2 

-Cift«-C* * 0 0 1 3 + CO&» 13 814, 

pi£0. 09tti= (-0. 0 0 4 9 8 5 1 + 0. 1 

3 1 0 6 pi) 

0. 09^pi^0. 2"Cti = 2 7 0 5. 9 - 5 4 1 5 
20 9pi + 285760pi 2 

tjfifitl bo 0 1 3 *<D&m 1 3 9 li, 

pi^O. 09fti= (- 0. 0 0 2 0 9 0 2 + 0. 0 

3 1 5 5 9 pi) ( -° > 

0. 09^pi^0. 2-Cti=-27. 916 + 63 

1. 1 4 pi + 4 1 8. 9 4 pi 2 
-CifiiR-Ct bo 0 1 4 *<nm& 1 4 1 li, 

pi£0. 09tti= (0. 0 0 3 9 9 4 2 + 0. 3 9 
6 4 5 pi) 

0. 09£pi£0. 2*Cti=-21. 331+48 
30 8 . 1 3 p i 

-CiSfit?* 6c 014 *<Dm& 1 4 2 li> 

pi^O. 0 9T?ti= (0. 0062727 + 0. 05 

9 1 1 pi) M) * 

0. 09£pi£0. 2tti=- 1 5 5. 1 2 + 3 4 9 

4. 3 pi- 1 0 5 2. 9 pi 2 

tftUVZ 5o 0 1 4 *<D%$k 1 4 3 tt, 

pi£0. 09"Cti= (-0. 0 0 20 9 0 2 + 0. 0 

3 1 5 5 9 pi) 

0. 09^pi^0. 2TMi=40. 7 8+ 1 9 8 6. 
40 7pi-2295. 7pi 2 

"CiS©"?* 6c 0 1 4 *<0&1& 14 411 

pi£0. 09-Cti* (-0. 0 0 0 0 7 6 1 6 6 + 

0. 2 7 6 0 8 pi) <-°> 

0. 09^pi^0. 2-Ctt=-4. 9 2 9 4 + 2 1 

3. 7 6 pi + 2 8 2 7. 4 pi 2 

-C3fi«t?f 5c 0 1 4 <D&m 14 5H 

pi^O. 09t?ti= (-0. 0 0 0 7 6 7 9 8 + 0. 

093666pi) ( ' n . 

0. 0 9 £ p i £ 0 . 2tti=l08. 61-151 
50 1.6pi + l90l6pi 2 
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65 



"CiSR"*?* 60 © 1 4 *<D$i» 1 4 6 tt, 
piSO. 09-Cti= (-0. 0 0 20 9 0 2 + 0. 0 
3l 5 5 9 pi) 0. 09£pi^0. 2Tti = 

4 0. 7 8+ 1 9 8 6. 7 pi- 2 2 9 5. 7 pi 2 
-C5fi«-C#6. Ell 4*3 ctt/Ei 1 S^O&Jll 4 7fi, 
pi£0. 09tti= (-0. 0 0 3 1 9 4 7 + 0. 2 
1 9 0 3 pi) t~*K 

0. 09^pi£0. 2-Ctt = 1 3 9. 3 7- 2 4 9 
6. 5 pi + 1 7 8 3 1 pi 2 

-C3ft«-Cta. ®1 4*5 it/Hi 5<f>tf>&l*l 4 8li> 70 
pi^O. 09tti= (-0. 0 0 1 8 9 6 1 +0. 1 
04 9 4 pi) 

0. 09Spi^0. 2tti = 5 3 6. 0 8-996 
6. 9 pi + 6 0 7 0 7 pi 2 

-CiaGt-Ct*. Ell 4*3«fctfEll 5t^»l 4 9tt* 
pi^O. 09-Cti= (-0. 0 0 2 0 9 0 2 + 0. 0 
3 1 5 5 9 pi) s 

0. 0 9 ^ p 1 ^ 0 . 2 T* 1 1 = 4 0 . 78 + 1986. 
7pi-2295. 7 pi 2 

-C3fi«tf#S 0 EH 5+0>j!ttl 5 l\*s ■ 20 
piSO. 09"Cti= (0. 0 0 4 0 7 7 3 + 0. 1 9 
5 4 7 pi) 

0. 09^pi^0. 2tti = 5 3 9. 7 5+ 1 0 0 8 
8 pi + 5 4 7 5 7 7 pi 2 
-Ci&»-C#5, Ell 5f^»l 52H 
pi SO. 09fti = ("0. 0028237+0. 1 
1 1 1 3 pi) 

0. 09^pi^0. 2-Cti = 7 6 6. 5 2- 1 4 7 7 
3 pi + 8 6 5 8 9 pi 2 

•C5SBT#6o Ell 5*coH$l 5 3 ft, 30 
pi£0. 09t?ti= (-0. 0 0 2 0 9 0 2 + 0. 0 

3 1 5 5 9 pO 0. 09Spi^0. 2"Cti = 

4 0. 7 8+ 1 9 8 6. 7pi- 2 2 9 5. 7 pi 2 
-eia^-c^ 60 E3 1 5 1 5 4 tt, 
pi^O. 09-Cti= (-0. 0 0 4 8 8 8 5 + 0. 1 

7 5 9 1 pO <" n s 

0. 09^pi£0. 2-Cti=-5 9 7. 6 5 + 1 1 6 
6 1 pi + 6 6 9 8 3 pi 2 
-C5S&*C# 60 El 1 5 OfijtH 15 511 
pi^O. 09-Cti= (-0. 00 3 54 2 4 + 0. 1 40 
1 2 8 5 pi) ( - n > 

0. 09£pi^0. 2-Cti = l 3 3 5. 8-2 6 4 2 

8 pi+ 1 4 7 2 6 0 pi 2 
-Cifi^-C# 60 El 1 5 *<T>Wfo 1 5 6 tt, 
pi*0. 09*Cti= (-0. 0 0 2 0 9 0 2 + 0. 0 
3 1 5 5 9 pi) ( -°> 

0. 0 9 £ p 1 ^ 0 . 2tu = 4 0. 78 + 1986. 
7 pi - 2 2 9 5. 7 pi 2 
-Cjft«-C* £<■ El 1 5 1 5 7 tt, 

pi£0. 09Tti= (-0. 0 0 5 7 3 7 1 +0. 1 50 
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6 2 1 1 pi) 

0. 09^pi^0. 2"Cti = l 5 3 3. 6 -3 0 5 8 
5pi + l64380 pi z 

So El 1 5 *<D&& 15 811 
pi£0. 09"Cti = (-0. 0 0 4 4 2 8 2 + 0. 1 
1 4 4 6 pi) M) s 

0. 09£pi£0. 2*Cti = 3 3 24. 9-6 6 6 5 

6 pi + 3 5 1 0 5 0 pi 2 
-C&^'Ct 60 El 1 5 q><D&1fc 1 5 9 H 
pi^O. 09tti= (-0. 0 0 20 9 0 2 + 0. 0 
3 1 5 5 9 pi) ( ' u , 

0. 09^piSO. 2tti = 4 0. 7 8 + 1 9 8 6. 

7 pi - 2 2 9 5. 7 pi 2 

[0 13 3] SIBlcWffw-lPSU^trfttH"**^ 
InGaNllfKoBWWInMMsi* (D 

RtttS**, (1) atr«fct«Wfc««:*ftv<l«o 
£tv\> 

[0 13 4] tfc, *»W#fe«>l»l-J:«t^ InG 

a N®£jl£ 2 0 0 n ra£il±«ll1"5 t > ^^±«-«S 

InGaNWOifli2 0 0 nm£iT, I n 21 
JUtifcO. 2&Tt1rZ><DtfX.\,\ <*<bK, InGaN 
aWlfifildMC I n Sr^trSS ( I n Eft it A* 0.00 
l^lT^irt) tt>^9y^B±©aW**^ In 

ttlt* (IflOnm^T) -et^^y^BAO*** 1 

[0 13 5] B±J:«J, *WI«W»K*«t* 1 l l »* Vf 
-**F«f»fc*IV*t\ UGiNWIlW-fKitO 
(A) 0. (B) 0. 3/xm 

EH±0. 4/xm*?S<^t> (O 0. 2iim£i±0. 

lC*3V>T, ^KlOlnlliW (a) 0Ss = t< 
0. 0 2Ofc#, (b) 0. 02gs = t<0. 04<D 
k*. (c) 0. 04^s=t<0. oeott, 
(d) 0. 06Ss=t<0. 0 7 (e) 0. 

07£s=t<0. 08©t*. fc*fr»«tt-C, In 
GaN®ffi!tf>I n«fttts«rpi. ■** 1 1 [nm] i 
Ufci*. (pi, ti) j&JKKfc-i-^tfWtt* 

(A) UGaNWIii^KiioBi^O. 4m 
mfiliOit (a) 0^s = t<0. 0 2<Db2tt 
lO£ti£ (0. 0 0 2 1 8 2 + 0. 2 8 3 8 pi) 
(-D^oti^ 2 0 0^o0. OOl^pi^O. 09 
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67 

.... 

toSt.S-2 7. 9 1 6 + 6 3 1. 1 4 P. + 4 1 (-0. 0 0 1 36 9 4 + 0. 1 6 8 5 5,0 

M4p'^,^00i,0. 09<p,S0. t,«00*o0. OOlSp.SO. 09 

6 0. 4 0 9-8 4 0. 5 pi + l 0843pi'$t.S200*^0. 09<p 

,S0. 2 (7) _ 0 

(b) 0. 02Ss=t<0. 04Ofcttt ^p,»^t,^00^0. 09<p,S0. 2 

lOStii (-0. 00057 9 1 6 + 0. 2 025 

pl ) <-n*Ul,£200*>oO. 00lSp.fi ("0. 0 0 2 5 7 8 2 + 0. 1 4 9 0 p.) « 

7PU /0 t iS200*«oO. OOlSpi^O. 09 

0.0 9 

tfclt * fcB 
10SHS2 0. 2 4 8- 2 1 2. 49pi + 6 3 9 0* 

3 4 5. 0 7-6 3 6 1. 6 p , + 3 9 3 3 9 p , '£ t iS 2 0 0 *>o 0 . 09< 

P1 SO 2 (8) 

(c) 0. 04Ss = t<0. O60fc*l* *fl„l*K)t 1 S200*K)0. 09<p,S0. 2 

10StiS-0. 0 0 3 6 5 8 8 + 0. 1 5 8 0 4 ,<-,)< 
H„ otlS2 OO.oO. 001SP, S 0. (-0. 0 0 3 50 1 7 + 0^ 1 4 5 7 lp,)«»* 

0 9 

*** * fctt 

10Stiill 9 2. 2-2 2 2 6 2 pi + l 1 2 6 7*2(3 

5 2 4. 7 5- 1 0 0 2 9 pi + 5 9 4 0 6 P1 *5tifi2 0 0A>o0. 09<P 

,S0. 2 (9) ^ . 

(d) 0. 06Ss=T<0. OTOtttt * 0 p.«*»ot,S200*K»0. 09<p-S0. 2 

10<t,^ (-0. 00 36 58 8 + 0. 1 5804 *fctt 

"m»^.^00M. OOl.P-SO. (-0. 0 0 4 1 7 6 1 + 0^ 13 1 ,,) * 

0 9 

**:(* 

10^tiS1 1 9 2. 2- 2 2 2 6 2 PI + 1 1 2 6 7* 

9 5 8. l 6- 1 8 8 5 2 p, + 1 0 5 8 7 0p^t,S200i>o0. 09< 

(e) 0. 07Ss = ^o'. loetttt 1 ♦,.«*ot,S200*K,0. 09<p,S0. 2 
10St i (_ 0 . 004347 + 0. 14719 

H^i^OO^O. OO^p.iO. (-0. 0 0 5 1 3 4 + 0. 1 3 6 2 p,)-,U, 

P 2 0 0**00. OOl^pi^O. 09 
0 9 

lOStiS8 5 8. 5 5 — 1 6 8 6 6 pi + 9 5 1 8 6 ♦ 

2 4 9 7. 8-4 9 96 1 pi + 264020p^uS20 0^0. 09< 

plg °' 2 tl0 4 tl <_24. 4 4 9 + 5 6 0. 5 9 pi + 22 

m^± 0 ♦ 4 m m*ztft<0 1£ 2 

r.t.vr.'.v; ™». ..... <-«- • vv o r«;.» ,, . , . ,> " ,,s 

P1 ) H, MnS 200*>o0. 001SP-S0. t,S20 0^oO. OOlSpiSO. 09 

0 9 **«* 

•± Ij- * 

8 1. 0 4 3- 1 1 5 9. 4 p.+ l 3 5 3 7 p,'St,S200a>O0. 09< 

,b) 0. 02 S s = ;<°0'. 04^i« 12„)H.^„«00*00-. OOlfip-S 
lOStiS (-0. 0 0 0 0 4 8 0 8 1 + 0. 2 2 8 50 0.09 
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69 70 

* (- 0. 0 0 2 4 0 3 9 + 0. I 3 56 1 pi) { ' u * 

"J tl «. 7 8 9 3 + 7. 0 0 9 7 pi + 477 ti«0d*o0. OOlSpi^O. 09 

9. 4 P i2^Oti^200d>o0. 09<pi^0. 2 

4 1 0 . 2- 7 5 8 4. 7 p. + 4 6 1 0 1 p,'S t.S200*oO. 09<p 

(c) 0. 04S S =t<0^6^#« U4 »2,.»*K)t.Sa00*«)0. 09<p.S0. 2 

instil (-0. 00 2 9 7 2 7 + 0. 1 84 6 8 Sfctt w-i>< 

i 1 , «-oto,,«00*K,0. OOl.p.SO. (-0. 003 3 2^0^358 

P 70 11^ 2 0 0^00. OOl^pi^O. 09 

0 9 

*«:» * fctt 
10StiS2U. 8 7-3 8 7 4. 3pi + 2 5 7 5* 

5 8 7 . 7-1 1 2 64 pi + 68 380pi*StiS200*»00. 09<pi 

(d) 0. 06Ss = t°<0 2 o7«t*tt 05 *p,«*ot,«00*oO. 09<p,S0. 2 

10^ tiS (-0. 00 3 8 1 0 8 + 0. 1 6 8 5 6 *fctt 

i„«-»^t,«00^0. OOltp.SO. (-0. 004 033 9^ 1 23 .„>«»* 

ti^ 20 0^o0. OOl^pi^O. 09 

0 9 

10SHS9 7 3. 6 9- 1 8 1 86 pi + 9 3 3 2 1 *M 

1 0 5 6. 2-20 8 1 5 p. + 1 16460p,'St,S200^0. 09< 

p,S0. 2 (16) 

(e) 0. 07Ss = tS0. lOOtttt *p,.^t,«00*K)0. 09<p.S0. 2 

i qS ti i (—0. 0044872 + 0. 1 5446 SfcIA w-u< 

«-,!^, S2 00„0. OOI.P.,0. (-0. 004 .85 1 + 0 1 3 1 0 P 0 - , 

P t ,^ 2 00^o0. OOl^pi^O. 09 

0 9 

I0^ti^7 8 0. 25-l5299pi+86683* 

" ~ 2 7 0 5. 9- 6 4 1 5 9 pi + 2 8 6 7 60 pi*Sti*2 0 0»o0. 09< 

p^O. 2 (1 7) 

(C) InG.NtntWFlkOWO. 2, 10StiS-21. 3 3 1 + 4 8 8. I3pi» 

o *«m>* ^2 0 0^00. 09<piS0. 2 

mJ£JLh 0 . 3 /x m?tcW^ c ? 

^JV^V.M;"^. 3 9 64 5 T-0. 0 00 7 6 7 9 8^ 0 9 3 6 6 6 PO 

P1 ) «-»^ t ,«00*o0. OOlSp.SO. «-»^.«00^0. OOISP.^0. 09 

0 9 ♦ 

108. 61-1511. 6pt + 190l6pi'StiS200*oO. 09< 

(b) 0. 02 g s = ;<°o'. 0 4»t*tt (19) — 4„»*ot,«00*o0. 09<p, S 0. 2 
lOStiS (-0. 0 0 0 0 7 6 1 6 6 + 0. 2 7 6 *fctt 

p, OOlSp.S (-0. 00 1 8.6 1 + 0 104 9 4pi) «»S 

' t.S200i-oO. OOlSpiiO. 09 

0 . 0 9 

10 S„S-4. 9 2 94 + 2 1 3. 76pi + 2 8 2 * 

" 536. 08-99 66. 9 ,.+ 60 707p,'S t.«00*o0. 09< 

piSO. 2 (20) 

(c) 0 04Ss = t<0. 06»i:£li 

S (-0. 00 3 1 9 4 7 + 0. 2 1 9 0 3 10*t.Sl89. 3 7 - 2 4 9 6 p. + 1 T 8 3 

1, r«.»IUt,«00*K,0. 001SP.S0. lP.^t.«OOW. 09<p, S 0. 2 
0 9 50 *** 
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71 72 
(-0. 0028237+0. 1 1 1 1 3 pi ) M) £ 
ti^2 0 0^o0. OOl^pi^O. 09 * 

7 6 6. 5 2- 1 4 7 7 3 pi + 8 6 5 8 9 pi^ti^2 0 0d»o0. 09<p 

i^0.2 (2 1) 



^piZ^oti^2 0 0^oO. 09<pi£Q. 2 

(-0. 0 0 3 54 2 4 + 0. 1 1 2 8 5 pi) (_ 
ti^ 2 0 0**00. OOlSpi^O. 09 



(d) 0. 06^s = t<0. 0 7<DtZH 
10£ti£(-0. 0 0 4 0 7 7 3 + 0. 1 9 5 4 7 
pi) M)ft»oti£20 0d»o0. OOl^pi^O. 
0 9 

I0^ti^ 5 3 9. 7 5- 1 0 0 8 8 pi + 5 4 7 5 7*70 

1 3 3 5. 8-2 6 4 2 8 pi + 1 4 7 2 6 0 pi 2 ^ ti ^ 2 0 0**00. 09< 
pi £ 0. 2 (2 2) 

(e) 0. 07^s = t£0. lQ<Oh%lt *pi z ^O 1 1 £ 2 0 0 *>00 . 09<pi£0. 2 
10£ti£(-0. 0 0 4 8 8 8 5 + 0. 1 7 5 9 1 

P i) <-i>a>oti^2ooa>oo. ooi^pi^o. 

0 9 

I0^ti^ 5 9 7. 6 5- 1 1 6 6 1 pi + 6 6 9 8 3* 

3 3 2 4. 9-6 6 6 5 6 pi + 3 5 1 0 5 0 pi 2 ^ ti^2 0 0^00. 09< 



★ pi z ^oti^2 00^o0. 

(-0. 0 0 4 4 2 8 2 + 0 
1 1 ^ 2 0 0 d*o 0. OOl^pi^O. 



1 1 4 4 6 pi) ( -° ^ 
0 9 



pi £0. 2 (2 3) 

K«^3 7 0-4 3 0 nm (20t) Wl5Blt?W-* 
LTfc. *fc I nGaNWii:^ K*^OlBI^S 

0. 2<DfflB-Zft#l,Xhs [^D"Cfcofc. 
[0 13 61 ***W»ttO2|t*#U-1f* ; F<0ff»*' 
fefcetfLfc I n G a N&«gO0J£ LtWfc«»«4 

[0 13 7] ±12^11*0 (e) ©fifflrtfc*5^"C, 30 
0. 09Ss = t^0. 1 O0)$£IIft lUotffc I n»G 
ai-sN fttttlntG'ai-tN) ©fflJr*jeftttffl 
ft, 0. 0 8£s = t^0. 0 9 ommftt&tf $ I n 
• Gai-tN (ifcttlntGai-tN) 0>JSSr*3Efl:ttffl 
fcKff*«-C*>5*:*, 0. 0 9^s = t^0. 1 0 CO 
timft^&V 0. 08Ss = t^0. 0 

&T0. 08^s = t^0. 1 OOftllftiCfctf *fH£ 

[0 13 8] ^WtMHit^ InGaN 40 

*U^«fflli*e>fcfW»*^S. pS^7^KSrt<tV> 
Lnmtyy KJlrtKfrSSfta I nGaN««Il:*3 

««**«0*»l€:«< ^*>> I n G a N««B»C*5lt 
iSilXMlt /h*V^*3^J:DH*LV\ InGaNi 
»g(0 I n*Rl&£*£ <1"6i:, I n G a NtHW^ 
rtau— K<a©HXri 5 *:t< teZtifr, InG 



a, *p,ica*t<ii±iaftH©wi8»-Jo^"c, pi^ 

0. 0 9 fcV^&fl^WnLfc^tfJ:^. 
[0 13 9] *«fe<D?g«^»tfcU— 
A/^£T#38t£U 8«G>H«BE (Vop) i J »5V, 
H«ft%&& (Jth) 5 k A/cm 2 "Cfcofc 0 

£/c> MfcLT 1 OWWEU:* 

4DXffcA J , niAlGaN^yFitl^niln 
G a N^il^Jf Altt»Ji^t^-^'^ ^ x 

[0 14 0] **5, ***©««lwfeV^-Cf4, niA 1 
Ga I nN*9? K**fc**ft*nfflAlGaN*5 
yKS, »J:VpaiAlGaNlc*5Jt5Al»SJttt^ 

BFfc*/<?*-** (l) *«fc1-*5MRtt**i 
fcl nGaNaW«rnSAlGa I nN*7*KJ§* 

*W#U-1f*^*atli*Jlt6A 1 G 
aN^77 KS*>A 1 »*ifcf4*-CW-^1"6wi*a 
*LV\ 

[0.14 1] *fc, *«»«>»«fc*5V^-C, SttJitt:3 

*5*tt I n G a N®®!lCBa LT&B t $Jx*««*tt 

[0 1 4 2] 4*, *K*o»«lc*5Jt6*»#^-* 
OjHit'CnlAlGa I n N * 9 V KS * nlG a N a 
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[0 14 3] *fc, *»«0»»C*JI*6*»*I^-** 

IGa I nN^y Kl«t»IC^«Sfc6 I nGaN«« 

[0 14 4] 3) 121 614, 3 

t*L-CV**. ***#W-** : Ftt. (0 0 0 1) C 
it7 7^7S«l (HgjP3 0-3 0 0/im) , GaN 
ftfi><y77»2 0&JPO-1 OOnm) , ngGaN 
=»>*?M3 (HU?0. 1^10/im) , nilnr 
Gai-rN (O^r^O. 2) M§4 1 (BH1P0-2 
OOnm) , nSAliiGai-nN (0. 08^x1^ 20 
0. 2) ^77h'i4 (WV0. 2-0. 8/im) t n 
^1 npiGai-piN (0. OOl^pi^O. 2) IB* 
15 (tlf 1 0^2 0 0 nm) ©JSMiS (nfiA 
IGaN^y Kl/nffll nGaNMI/' ■ •/ 
nil nGiNHI/nSAlGiN^yKI) ^ 
feMnSAlGaUN^yKllS (MHRW0. 

GaN^5?Kltt, nIInGaNW^U3 
*£H±**1-6t©i:1-S) , nfiGaN^Kie 
(USSJPO. 08 — 0. 15/im) , IniGai-iN (0 30 
<w<0. 2) ^FiMnvGai-vN (0<v<w) 
MUfc0£E#JHHt (PS£JI/#FS/' • •/# 
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!3 7 0-4 3 0nm, MM* 5 - 6 0 n m) , pSA 
IzGai-zN (O^z^O. 3) ^97^*^18 
(HO^Onm) , plGaN^ K19 M* 
0. 08-0. 15fim) , piAlyGai-yN (0. 
08£y£0. 2) ^5yK110 (fi£J?0. 2-0. 
Sum) s pSGaNa^nill (BUJfO. 0 1 
-1 0 Mm) CO*a^»*^**l* J ««*^ v ^o 
[0 14 5] ^C0±ICI4, Mfft»R«>lftWll 2* J , 

>t±oW4it»**^ v ^« 3E««13 (fcfc 

Pd/Au, Ni/Pd/Au, Pd/Pt/A 
u*f) J4, pSGaNaV^HiW-MttittE^ 

m®14 (fctaitf, Ti/AK Zr/AK Hf/ 
Alfc£) »4, nSGaNa^niW-WttJLfc 
iE±C»***fC^6. *1Hi. nSGaN^^n 
1. nil nGaNM nSAlGalnN^y 
Kg, nlGaN^Kl, InGaN^ltWFS 50 



tel, pBAlGaNWT^oy^i, p^GaN 
KJf, P SAlGaN^7yKS, P^GaN^ 

]E««J:9***^ V ^- ^ ^-f^OfSi$gffif4^7 

[0 14 6] fcfc* *WSo*»lci3rtS*»*v-* 
©BS*ftl^^t^5. (0 0 0 1) CB* 

7r-fT«Bfc»t5. (0 0 0 1) c®f- 

77-f7WtMOCVDBWt*AU H2#H^ 

<o+v, »no ot^ffia-c* si -s^^MM. * 

Oft, ftfiUt, ^!)7^ilt*» (Hi) «rl 
OJy^/minBUW^ eOO^-CNHai: h 
M*"**!*** (TMG) Ir**i**u5 9 ? h^/m 
in, 20mo 1 /m i nigALT, 0-l00nm 
(fc'fc itff ft 2 0 n m) CO^^OG a Ntefc'* y77i 

teffl^y 7 rSt bTi4, GaNWRfc 

1\ M^W^ 1 )^ (TMA) , TMG, NH 
sifcfflLT, AlNWGaAlNi^ttftA/ 
fc#W4ftV\, 

[0 14 7] N 2 £NH3$r*ix^ft5 'J s> WW 
mi n«L4*«e>»l 0 5 0 < Ct-C#ial'6o MX#± 
3&5tttf, **yT#**:Ni*»bHilcttjt-C* TMG£ 
lOOMmol/min, S i H4 £ 1 0 n m o 1 /m 
in^ALT, nSGaN = ^ni«r0, 1-1 0 
M m (fcfc*tf»4|.m) deft**. TMGWft 

X, #)8 0 OtttWt, TMG£l 5nmol/m 
inlcMEU -fy^^AWCfcftHJ^^^^ 
(TM I ) fc-£*8Eb*A s fc, UrGai-rNi 
«■ (fci*.tfr-0. 07) £0-200nm (fcfc 
*f45 0nm) St*-*-*. Ww. TMI*3<fct/TMGO 
«IS€rffJkt-C, WlOSOUtWU 
*f*MWNi*&Hifcft*/C, TMG^MSO^ 
mo 1/mi ntWSU TMA$r 4 0 m m o 1 /m i 
n£ALT, nfWAhiGai-xiN^^yKI (fcfc 
^ X l = 0. 1) £0. 2-0. 8 /xni 
0. 5 am) OJ¥£"C#fi1"$« 

[0 14 8]^, TMGfcJlTrMAOWfcSrffJtL 

•C*-0*l&tt* TMG £ 1 5/imol/rai n ICRS 
U TMIfc-*MtW^ InpiGai-piNif 
■'(fcfcfctfpi-O. 02) £l0-200nm (fc 
UtfSOnm) TM I 3o<fcT/TMG 

WtMOSOtfCJHIU 
T^f^tSWl^bHlfcftifC, TMGO»«5 0 
Mmo 1/mi n^««U TMA^r 4 0 <imo 1 /m 
in3IAL"C, nBOAliiGai-uN^9yKI (^ 
i:itfx2 = 0. 1) «:0. 2-0. 8 jim (fctxtf 
0. 5 Mm) OJM-e**1"«. nllnGaNifi 
I4^tfkg, mm<0^m^^<y^ nffll nGaN 
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(39) 

75 

mm hsuGa Nftfti t <DM#£tfmw\z.n$ 

/j!nSAlGa!nN^7yFI^t5, nfAl 
Ga I nN^9y KJBOrtft#*Ti-*k. TMAO& 
ft£#lhU TMGSr 100/imo l/mi n £JH£L 

niGaN^ KgfcO. 08-0. 1 5 m m (fc 
**.tf0. Urn) 0J*Si::46±5fc**-r6. 

TMG«)«B*HWt>r, **»T#xt:llz&h 

uittxmx.x* 7 oor^-cKMau -f^^B 

R-CfcSFMWy^ (TMI) £l0/imo 70 
l/min> TMG$rl5*iraol/min$AU I 
nvGai-vN (fctx«v = 0. 0 5) J:94<bfcfc^. 

£5 0 /irao l/m i nlcJftbOU ImGai-iN (fc 
tifiw = 0. 17) J;9ft6fcUtf2nml|0»P 
■ fcaii, #Fgtt£tt3g> 

tt"C«*fctTV\ #FJit#F»i:<OlB*5J:^P«Hc«: 
4 10»«1*«<ME1- 6 «t 5 3 8 0-4 

3 0nm (fc£;ttf4 0 0-4 1 0 nm) 

F (MQW) MQW©J**W*Ti"Si:* 20 

TMI*3<tt/TMG(0«tl&«rff±U-C. WtM 0 5 0t 

TMG£5 0 /imo l/m i n s TMA£30/xmol 
/Bin, pSF-tVWfo?)^^^^ 
i;xsA^y*V?A (Cp2Mg) HOnraol/ 
min»U 0-20nrn (fctttf2 0nm) Pp 
!AhGa,-zN (fct*.tfx-0. 2) **!>77n 

TMA^ftSrffitt, TMG 1 0 0 
^mol/niini:!S3IU, 0. 08-0. 15/xm 31 
(fcfc*.fi0. lmn) ©*$tf)piGaN^KiS: 
TMGO«ftfe5 0/tm/mini: 
MEU TMA$r 4 OmhioI /m i n^AU 0. 2 
-0. 8/xm (fciifctfO. 5um) p SlA 1 y G 
ai-iN^fyKI (fci: *.tfy = 0. 1) 

ft££> TMGOftftfel OOiimol/minl: 
Sfl&LT, TMAO««*ffJfcU 0. 0 1-10/xm 
(fcfcjttfO. lam) fOpSGaN3^ni<0 

■j-ftfc, TMG*5J:t/CpiMgO«l&€:ffJhL-C»fi < 
U MtMOCVDlSi^Dtlit. 

[0 14 9] *W-1f«3gfc#-r6K*>ft«B 
**B) ©aBBft*©*** (Ra) ttttl Onm-Cfc 
5, ^tftffftWtt**^. (0 0 0 1) C 

if7 7^7S^ GaN6fi^y7 7l «W 2 0 n 
m) , n!GaN=«y^^H W»ft4|£m) , 
Alo.iGao.9N^77 Kg (NVO. 5/im) > 

I no.03Gao.97Ntttfg (RIP 5 0 nm) > nSAl 
o ,Gao.9N^77Ki (1*0. 5/im) 

**6 U *ffi***MK«-C» 
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/N-fcJSV^ nlAlo.iGao.»N^77 KgOKS 
tBS^tfc^tt, niAlo.iGao.9N^77 Kg + fc'> 

ki«ifte>ftv\ 7thyy^77>r-»<t 

hg£3 iim*©^ h7^*/^ld^LT, pSAl 

Bv>T. >xAft«EJ:9nSGaN3^ni^ 

]EW»J»t6. W»!:^ fc**.tfAu/ 
Ni*>5V^ttAu/PdfcfflV^JxtfftV\ nSG 

T i fc6VMiAu/W&Jflv\fttfftv\, 

fc*Ei-6BH*»al+6Cfc«w < t9, ¥$fc#gRB 
^J:(;t77^T^^fcill^3 0-3 0 0 j«m 
(fcfc*.tf»6 0*im) fcft«J:5t1-*. » 

5-kftS»B*»Sl*fc. 

[0 15 1) BlhfciO, Bl 6fcaTO3 03WW>» 
) [0 15 2] *WKo*«icaart5^»#^-**^«- 

*3^T, nSAlGa InN^fyKIt^S^ 
fc* »nil nGaN«il»i»^I nfeA 
Jfctt, WnSUGa N®«g * * 

OifiPl-Cfc^ nSA lGaN^77 KltM****** 

iiKHtH-StU-CV^. *0**ttK«±* nSAlGa 
I nN^77 KitlCnSl n G a N««Sd^ff2S 
BLh*B«*t-CV^fci-6t#. nSAlGaN^7 
Kg (K*tt«R*> /nSGaN^ Kg/ I nGa 
ro N#ltW^ti/plAlGaN^^T^h7 
yi/plGaN^>f Ki/plA lGaN^yKI 

sqMftje-K (*ffliJB*f*n#q, m^&tefeq (x) ) 
t s i #E (i = K 2> • • •) OnllnGa N$ 
«l*37k1N&3B*?7*MI (nSAlGaN^ 
7* Kg /nffil nGaNifi/n 

SAlGaN^yKI ) fc£C6» 

U^-K (WBWni, ©#«*ifi (x) ) 

50 iSSttJ: ? i: i Si<7)ni 1 n G a Ni«I^ I nM 



-39- 
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77 

KBrtK*^'*'* I n G a NS»1^ 9 ±&&Wr* 
»fc1-B* J/ >*< tt>lSfciXtf, FFPfcfcttaiJ ? 

^a*^****"** 1 * 1 n G a N«»B#±£* 

[0153] (l)*fc»ttInGiNWIilO«* 
fc*5.fctfKJS«>«£ffltt- El 5 -13 8 £ ?)#*6«Hkra 

[0154] **m»»«-e^K w-ir»* fc i« 

M^mSE^S (Jth) #1. 2kA/dn^fcot 

AlGaN^^ KB+lCnSl nGaN8«i?:jfA 
Ufc**««^1-u-1fW:, ftlOOOtSWftigbT 
WttWjCftttftbJxft^ofc. *fc. FFPIil* 

[0 15 5] fc*3, V 14. nfiAl 2< 

Ga I nN^f Fit^^nSA 1 Ga N^7 
yKB» *54t/pfflAlGaN«w*5«t6AlJft*tt;tt£» 

fcl nGaNifl$:niAlGa InN^7y KB* 

[0 1 5 6] **«0»«fc*V^, ft&Bl*3 

MKF#Fkbfc#, 2B*fctt4BB±«>***** 

[0 15 7] *jl*©*«it*5V^X, *M Kltt 

CiNkUfc^ InGaN^Kiiatk ^ 
t*JV^-C4»fc**v6IM»* (1) iSit/InGaNS 
«S^B8LX£*k$ix*B8«^4Bll 0-1 5l^t 

[0 15 8] **H©»»c48tt6W#V-* 
(0«3g"CnSAl Ga InN^7>> KlfcnJGaNa 
V99 HOlBIC^***tSnai nrGai-rNttWl 
tt, ¥*M>B**'^*9y*fc*6lw|**3tf6Sli 

[0l5 9l*t, *JllS«)»«^rf5*«*^-* 
T?tft<, fcfc*tfGaNMR-Ol>J:V\ A 




^2 0 0 1 - 1 4 8 5 3 9 
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IGa 1 nN^yKi^^^I nGaN«« 

[0 16 0] (tt©M4)Bl7ll, 

TV>* 0 **t»#^-*«^-tt. (00 0 1) Cit7 
T^Tgfcl (B£y?3 0-3 0 0/ini) , G a Nffifi/* 
y 7 7 |2 (Bgl?0-1 0 0 nra) * niGaN^^ 
^hl3 (!&?0. 1-10/im) , nlAhGai-i 
N (0. 08^x^0. 2) ^yffl4 (KffO. 2 
-0. 8am) aiUpGai-pN (0. 00l£p 
^0. 2) AWJI5 (ifl 0-2 0 0 nm) irO^S 
#B«® (nS^yKI/nMH/' ' */ n ^ 
ttWB/nS*?* KB) HWnSAlGa I nN 
^77 KBl 5 (tNWO. 8-10jim) , nSGa 
N*MKB6 (IW0. 0 8-0. 15jim) > In. 
Gai-.N (0<w<0. 2) #FB£ I nvGawN 
(0<v<w) &gBt*>*£*B1*5§ IWI/*P 
. «/. - ./#FB/*BB> 

&fi 7 370-430nnu 5-60 

nm) . plAhGawN (O^z^O. 3) 
7 y D y^i8 (HJ?0-2 0 nm) , P^GaN^ 
KB 9 (^0. 08-0. 15/im) , p^AlyG 
a ,- y N (0. 08^y^0. 2) * 7 y KB 1 0 (ft 
*0. 2-0. 8nm) kpIIn«Gai-qN (0. 0 
Ol^q^O. 2)ifH7 1 (iil0-2 0 0 n 

m) *o*E*B*6 (pS^9yKI/p«BW/ 
• • • /pfflgWB/pffl* ? y KB) *»&4»P«A 
ffl lGaInN«yKH72 (BfcSO. 8-1 On 
m ) , piGaNny^nill W0. 01-1 

[0 16 1] *©±fctt, MWWIW1 
>*±©**£BK*rt*ivO*a. £«« 13 

Pd/Au, Ni/Pd/Au, Pd/Pt/A 
u*) tt> p^GaN^^^M^-^ 1 ^ 1 

1^14 (fctillTi/AK Zr/AK Hf/. 
Alfc£) **> nSGaN = ^^ hB<0-*fc«titfc 

B, nil nGaNftBB, nlAlGa I nN^r; 
KBs nSGaN^KS, I nGaN#lt^iS 
<4B, pSAlGaN^DT^^i^ p^AlG 
aN^yKi, pSGaN^^ HI. MM «* 

[0 16 2] RKi, *«<0»«ica3*t5*«#^-* 
(DBStffcl-^-Cifi^*. *^ (0 0 0 1) C@i^ 

77>fTSWft»t5. ft#tfc (0 0 0 1) C®^ 
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80 



km&lt, *^yr;ff*i:L-c*ss (hi) fci 

0 9?^/min»LW, eOO^-CNHstb 
!Mf-/u#y*A (TMG) Hh€H5!)yl'^/n 
in, 20mo 1/mi n^AlT, 0-100nm 

**tft. il^y7rliim GaNlcKfc1\ 

MMfvVT/l'S-^ (TMA) , TMG, NHs^r 

LT, A 1 NWG a A 1 NK*:fflVvCt>fc A,b# /0 
•f44V\ 

[0 16 3] Na^NHafc^ix^ftS U 5> h^/ 

min»tm»1 0 5 0t«Mt5. 
jftSJtS, **yT#**Ni*feHifcftt.-C, TMG £ 
100/xmo 1/mi n, S i H4 £ 1 0 n m o 1 /m 
i n£ALT, nSGaNa^nKO. 1-10 
Mm (fcfcittf»4|ixn) TMG<0&ft 
|^50/imol/mi n£MSU TMAe^M 
ALT, ni^A UiGai-xiN (t^lixl=0. 
1) *9yKB*:0. 2-0. Sum (fcfc*.«0. 5 20 
,m) <D*$-Ciafti-S. TMG jo<tt^TMA^) 

«|&«rffJhUT, **!J7;lif*«:Hia&»&NifclWftji 
X, »8 0 0 f C*-C*ia«, TMG£l 5m mo 1/m 
i nlCPSU TMI bft^b. InpGa 

,-pN (fci*.«P = 0. 02) W5:0-2 0 0 n 
m**i-6. TMI*5J:^TMGWW6«:ff±t 
t\ StM 0 5 0t«»t, ^DT^tWN 
2d^bH2iCf^x.*C, TMGOKficSr 5 0 Mmo 1/mi 

ai-.iN (tt^x2 = 0. 1) ^yKilrO. 2 30 
-0. 8iim©f«tlt*«. :(DniAlGaNl 
knSl nG«Nlt*IIOaU**U n^AlGa 
NWmM bSUGa N®®B fc 0>££#B1fS£ ( n 
S^^y KB/nS««B/' • VnI««i/nS 
^ y KB) d^WnSAlGa I nN^yKK 
*&B&¥0. 8-1 0nm«*t5. AlGa I nNOfifc 
*#H7i-6fc, TMAO«»«r#JtU TMG £10 
O^mol/minlcMLt, nSGeN^Klfc 
0. 0 8-0. 1 5nm©J*Sfcfc**5fca*1*6. 

AB»tfc5H^fM^^ (TMI) fc-S 
TMG 5:1 5*imo 1 /m i n^AU I nvG a 
i-vN (fcUfiv = 0. 0 5) *»?**»©§*:**£ 

+*. TMl©W&ftfc6-**fc**«» 
U 'i n.Ga,-N (fc*;ttfw = 0. 17) J: 946 
#FB&JS£1"*o wOI nGaN&MBi: I n G a N 

#FBfco*s*B«a »«■/#«/• • 

FB/WSB) (MQW) S14B 

»M*J «tO t »FB«:»*+6 1 n G a N 50 



(0»*«S*5j:tfBWtt. 3 7 0-4 3 0 nm 

4 0 0-4 1 0 nm) WttfflC45 * 5 

[0164] MQWStfflO***»TtS fc* TMI 

au **yr#**wt;Ni*»&Hifcft*/c* tmg 

fcSOjim* 1/mi ru TMASrBS, pfiK-tT^ 

(Cp2Mg) ^lOnmol/minlU 0-20 
nm» (tU«2 0nm) (OpSAhGai-iN (fc 
fcxffz = 0. 3) **!JT7ny * 

#Jh U TMG©«I6*€: l 00/imo 1/mi ni:« 
gtt, 0. 08-0. 15/im (tUtfO. 1m 
m) OlSOpSGiNW Kit:**t6, 
[0165] 2fctC. TMGOWttSr 50m m/m i n I- 
TMAfc-K»AU 0. 2-0. 8/im* 
© p fflAl»iGai-,iN.(fci:*.Byi-0. 
7 Kl«*t5. TMG*S£tfTMA*5*tfC 

fc**.-C, ^8 0 0tn» TMGSrl 5<imo 
l/mintllU TMI*-S*«L**^ P g 
InqGai-qN (fcfc*.tfq = 0. 02)»8fB*0- 
2 0 0 nm (tU«50iim) *fti"5. ™ 
Ii»J:UtTMGO««tffJtL-C, Wl 0 5 0lC*t? 
jjlU **yT*f**Wt«iA»feHifc**"t. TM 
G(OiM5 0/imo 1/mi n£MKU TMA£- 
fc^igALT, pSA lyzGai-yzN (fc£*Ltfy2 = 
0. 1) *7?KBfc0. 2-0. 8/im (fcfcfctf 
0. 5 Mm) *>*S"C**f6. :OpSAlGaNi 
aSUGaNi^i^I^^ p^AlGa 
N&®B tpIInGa N&3BB t <D££#Btf*£ ( P 

a*97KB/p>HHHI/* • -/pSffi®B/pS 
£ 7 «y KB) ^WpSAlGa I nN^y KB* 
ttKWO. 8-10 Mm (fc J: ft 1 /* m) 
* e AlGiInNOWWTtSk, TMAOW 
WWbU TMG^HOOMmo 1/m 

inlcWKUX, 0. Ol-lOiimf^pSGaN^ 

V9* hBo***^***™****** 71 " 
6. fc*M*Tl-*fc, TMG*IJ:WCpiMg«)W» 
tffjhUHIU tt"CMOCVD«K9*9B 

1% 

[0 16 6] ^W-f 1 ****^**^*** 
ft@) e>at®fi£*>¥*&« (Ra) ttftlOnm-Cfc 
9. *fc, (0 0 0 1) C 

if7T^r»,GaNW^77l, nSJGaN 
nfAlGaN^yKItnllnG 

aNgUi^miM (nW?yKI/nll 
«■/• • •/nffllM/nB^yKl) A><bfc* 
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„SAlGa InN^7-yKi (Sffiiffc) I lira) "fl* 
T<D ? */N-lci3^-C*a?Bro* 7 7 * lilii A/ £*B 

SftfcOtt. I nt#tr«il«lr«b"Cii«A 1 Ga 

[0 16 7] -troft, 7* h y y/7 7-r-Wiy 5 
BUm**i'*»*-i'* r !MMrJBv\ pSGaN^y* 
7 M£3*im?I<0* h9W ^l-SLT, pIAlG 

a I nN^7 7KiS-Cx7f^«ttV\ 

7tM)y^77^-af«:» 1 tplG 

«it»*t%. tutmi^it, fctx«Au/N 

N3 y^ Mro-gB»ttJ LfcS±0«tt&±ffil-> A® 

10 16 8] t77^TSISOWMIfii 

Jo 7 -T 7 £«Sr^fefcl<?* s 30~3 0 0^m 

(fcixtf6 0wm) i<£5 J: 51-1-5. 

[0169] BLbfc J: 9 , ® 1 7 

[0 17 0] *«|0*»lw*»t%>MI#W~-» , « J fC 
JoVCtt, pS^yKittk InGaN«*P 
7l-3£*tlt, plA IGa 1 nN?77 KSfc«ia-fc<f» 

pSAlGa HN^fKWKMISilfe. 

I nGaNffiSSlOBWlo.fctfl n&Attl*. V-tf* 

«*-MSI nGaNMMfc, *©ffliWe*6Al 

Lttv**#* (l) #&9£oJ:7lcRf+$*vtv>5. 
iOAffttCtt, nS (Pi) AIGalnN^yK 
1-plCnS (pS) I nGaN«*g4 ! »»*fcttS* 
j>8£;fttv?>i:1-ai:#* nlAlGaN*77F)i 
(BWftfcl**) /nIGaN#-< Kl/ I nG a N# 
fift*#FSttl/p£A lGaN^HT^h vfft 
/p®G a N#W KS/pSAlGaN^5yKi (K 
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jgjt— K ($ffiB#r$n.q, m#®Bf«Q U) ) i» 
iS@ ( i = 1 , 2, • • •) »nS (SfcttpS) 1 
nGaNtt«»*=Tfc+a3»*57**«» (A 1 G 
aN?77 KS «WI*«R*> / I n G a Nffi«S/ 
A 1 G a 7 7 Kl 0Wtt«R*> ) 1 6W« 

*-k ($fi«r$n i, mx-im* i (x) ) 

ISfc1-J:9lw i#l© I nGaNSIiOl niESttfc 

[0 17 1] (1) *Sr«fc1"I nGaN«ffli<Dffl«r 
**} .fctfBJSff «>«Sfflli» S 5 ~IH 8 J: (J i>VM t R 

[0 17 2] pS^^^Kl + l-l nGaNgiife^ 
gLfc»£, ElT»J:5<C7 l !»7 h£41*S. ^36 
g*-HOiM» ! plG8N=^?? M~Sfe*Ui 
U dixlci* f— !f?8ffi*- KOlSttlH Ci£*#* 
ro{£T ^ F F Pf-«tt5 y 7 7*^©«4«:BS±1-5fc 

»**ft»H!t*»fc*. P lGaNl±C#K5* 
<«*tt5plAlGaN^?7 K*0**tt»JI»$ 
*15>„ LjS»U P SAlGaN77 7Kl«\ InGa 
N8Mf«fc7T-Lt:#aiS*-i-6ii:tJ:9, pSAIG 
al„N^7 KlollW**<1-* 
5>„ CfUCfctK U'— fSfit-KOplGaN^y* 

/hi~©»*UL#»wsiv u— M8»*-f»« 

[0 17 3] p®*7 7 KS©SB»?«re<1-5 
£ i pIGaN = y?ni 
0 Sr)?<1-?,Ct* 5 -C#^ **tt. PIG»N = V^ 
hSSr)?<1-5>J:, P SGaN = ^ni^Wl'-f 

F F Ptlolti y 77*A'©J5£a i R*l-fc*>fc 
©, P lGaN = ^# UlBJKlMWtfcfrofc. 

ffiffi5r^K1-5t, P lGaN=^nStnlGa 

*flHtiifi(fe>M«*a*iiic» usucfwe* 
mutism (u<t« iJ«iB?s*wfc****w 

i C u t - h ^Ifil*>v>-& 0 1 5 lw»»1-5 1 
*»4*»ofc. U*»U pl#7»K|ellW»<« 
^-tiaf), piGaN = ^*H^Oft*' tlL 
*»»«l**l6fc»v plGaN^^ hSSr«f<E£fi 
50 tf***5Cftofc. ^KUfc^MSSffilie 
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t£i1t 0 *fcCufc- hS'V*'^r | !?>'h'f 6R, 
ttricftBB kCut-KV^ #iMMr^ 5 J: 5 

[0174] *M©W«-eff«Lfci^— fm*<D\zt 

■traaU&X (J") inkA/cm 2 tfcot 0 * 
fc, fE*o¥»*i'-iJ ! -Cl4, *9y**4v*H-*5 
v^C*. 3WL-C l 0WBSLh»«*MM*"CV*6 >° 
fc, *B*a s ft«l-«:T1-6a«i«tC-C*fc*, 
AlGaN^y KB+ICnfil nGaNgHl^A 
tfc*«fc«H-*1"^— ft 1 0 0 O^K&igtT 
*k W4<0«ftl4ft&ft4**ofc. FFPttHW 

[0 17 5] 4*5, *JHH©»»w*t*-CI4, nSAl 
Ga I nN^7'; K»+fc£**t6 nSA i G a 7 
yKB* *UtfpBAlGaNfc*5l*6AlM*tt& 
■ftt*XBi:-C*>6*W44<. ^BKfc^-CfcSS 
EF46'<7*-** S (1) MrBfcl^ ^ 
fcl nGaNBflSfniAl GaUN^y KB* 
Ii4tf*3tt*1"6*»#^-**^"e*>^ 
o»*tt«^i-6. U&»U »f38B*- K0>*tfM4 
tWrWtf*, !f*^*3S*«-*5«6A 1 G 

aN^r; Klo A 1 EAJfctt^TE-l-l- 6 c fc a*S 

[0 1 7 6] *fc, *WfcO*»t48V^-C, 8&ttBi4 3 
MFPtfFfcLfctf, 2**fc«44B#±©#i*?-# 
■pfcL-Cb, *BW«3V*T*W*S*t6Bfl« (D 
J8*tM nGiN«iltBL-C«lfc**t6BW«tt * 

[0 17 7] *H*<o?gBlw*5V^-C, *M KBtt 
GaNilfc*, InGaN^K&a-C^ 

««Ji:HLT4:*fc £ix6B«5£»4Bl 0-1 5.lca*L 

[0 17 8] 4*5, ***o*»lc*5lt6*»*^-* 
0^i§"CnMA 1 G a I nN^? KSt nfiGaNa 
y** h)B©BlC^«*ix6nffiI nrGawNBBl 

*«r*i-6#, 4<Tfc*»Wrc»#«ffll-***v6t> 
o*efoO, *»#U'--f s B*«>«ttlBCaiW»**5J: 

[0l7 9)*fc, *WliO»BfcJ3^6*«*^-1' 8 

-Ctft<, fcfciltfGaNl«tt)J:v\ A 
lGalnN^-; K8 + fcfl-8£*b6 I nGaNg® 

[0 18 0] (**0^tS5) Bl 814. *»H<0*5 




^2 0 0 1- 1 4 8 5 3 9 

Bt4. 4m#^-*n****&V^* {zm * f * mm 
*»L-^6. **»#^-*»^»4* (0 0 0 1) C 
B*7 7-fT«gl (il?3 0-3 0 0 /im) , GaN 
ifl/<y7 7i2 (E£J¥0-l0 0nm) , n^GaN 
3 y^^M3 (Kg 0. 1-10/im) . nSUr 
Ga,-rN (0^r SO. 2) g*B4 1 (M0- 2 
OOnra) , nSMGaNl «i2 0-5 0 0A) 
tnSGaNi UK* 2 0 — 5 0 0 A) 1:10-100 
Mtlltft i i * 9 46 nlA 1 G a N«*** 7 
S/KB18 1 (¥^^0. 08^x1^0. 2, 
IPO. 2-1. Bum) s n^InpiGai-piN (0. 

ooi^pi^o. 2) mwms «*i 0-20 on 

m) , nSAlGaNi (Iff2 0-5 0 0A) tnSt 
GaNi (if20-5 00A) fcl 0-1 OOK* 
«S1"6 £ t * 9 46 nlA l G a Ntttt-T-* 7 y Kl 

181 (sp^iafto. 08^x2^0. 2, &mmo. 

2-1. 5 Mm) , nSGaN^KI6 (M0. 0 
8-0. 15/im), In.Gai-.N (0<w<0. 
2) I nvGai-vN (0<v<w) 

m*m/#t**/ • * • /#fj§/»s 

1) *fe46«**#FSti*7 «*«*3 7 0- 
4 3 0 nnu ffcB&*5-6 0nm) . pfAhGai-z 

n (o<z<o. 3) H!)ryoy^l8 (MO- 

20nm) , pSGaN^ Kl 9 (M0. 08- 
0. 2 Mm) , plAlGaNi (112 0-5 0 0 
A) tp^GaNl (iff2 0-5 0 0A) £10-1 

0 0 IMMIti r fc J: 3 4 6 p BA 1 G a N&te* 
^7^KI182 (?W0. 0 8^yi^0. 1 

I 5. $8^*0. 2 — 1. 5nm) , pll nqiGai-qi 
N \o. OOUql^O. 2)««il7 1 OB* 1 
0-200 nm) > pSAlGaNi (If2 0-5 0 
OA) tplGaNl (flg*20-5 0 0A) £10- 

1 0 0 BttftftBT* Ck*9 46p3SAlGa NUte 
^9yKil8 2 (WU0, 0 8^yi^0. 
2, $M0. 2—1. 5 Mm) s plGaN^^^ 
hBll (MO. 0 1 — 1 OMm) 
*l3&s*J*S^TV^6 0 

[0 18 1] *«Xfcfctt. *B4»*«>WMI1 2*«, 
40 ^*±o«»^Blc»***i-Cv>6. 1EBB1 3 (fcfc 
Pd/Au, Ni/Pd/Au, Pd/Pt/A 
u*0 14, piGaNa^^ M|©-»«lllfci-t 
«>£Eft^tr« j«*«0«*±Bfc»**ftTV*6. * 
BKl 4 (ta«> Ti/AK Zr/AK Hf / 
A 14 if) *4> n^G a N=«y^^ hlO-SB&ft Ufc 
B±iC»***fCV^. ^*I4, niGaNn^M 
® s nSUGaNMl, nSAlGalnN^y 
KB, nIGaN^KS> InGaNMt^lS 
tiS, plAlGaN^'JT^oy^I, p^GaN 
50 ^W, pSAlGaN^yKi, pSGaNa^ 
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-tLxm. u^s. **u nSA 

lGaInN^yKil5H nSAlGaNJftn 
IfNMMTS C fc J: 9 ft 6 
nSAlGaN§»f^7yKi, nSIn P iGai-pi 
N««S, nSAlGaNli:niGaNl?rlO-l 

o oim««i+a- «t 9 n ^ A 1 G a n«*^ 

^r; KI"C*«£ft"C:l3!K »«WttO. 8~10/i 
mifcoTV**. pSAlGa InN*7yKBl 7 2 70 
tt N plAl GaNSt piGaNi^rl 0-1 0 01 
MMltS :a0^5plAlGa NBft** 7 y 
Kl, p9l I nqiGai-qiNtt«S, piAlGaNi 
£ pSGaNi^lO-1 0 OMift&&mirZ>Z.h£<) 
Z^plAlGa Nfift** 7 ? Klt?««$^X*3 
9, &HI?teO. 8-1 0 /imt^oTV^ic 
[0 18 2] **IKO»IB^^^5*»#^-* 
©MS^SlCOV^a^S. *1\ (0 0 0 1) C@1f 
7T^Tg^^^-r6„ ifcfrLfc (0 0 0 1) Cffi* 
77^7S^MOCVD^t:^Atx H2*ffl^ 20 

<o^x, #n i o o'CoKfi-c* y-~yy&'fr0o * 
<d& s wir, y T#*t lttJc^ (H2) £i 

0U<;^/minlW^ 6 0 0t-CNH3t h 
U !J *A (TMG) fc*r*b-e*i5 y y h/v/m 

in, 2 0mol/min^AU, 0-100nm 
(ttilffi2 0nm) Of^GaNM^^^ri 

1\ h y >fvU7A^ = £^ (TMA) , TMG, NH 

[0 18 3] ftK, Nz^NHsSr^JVeftS 1) y h^/ 

tffttf, **8 7jltf;*trNiA»feHiK:ft*/C* TMG?: 
100/imol/min, S i H* £ 1 0 nm o 1 /m 
in^AU, nSGaN3^ni?:0. 1^10 
Mm (fcfc*tf»4Mm) SHU"*. TMGCO& 

^8 0 0UtMt, TMG&1 5/xmo l/m 
infcWSEU 

!>A (TMI) t-SMU*^ InrGai-rNg < 
mS (fctx.tir=0. 0 7) £0-2 0 0nm (fc* 
xtf 5 0 nm) 

[0 18 4] TMI JS^tTTMGOWI&trffJht 

Wl 0 5 0t«MU **!JT#**rlWN 
2^f3H2lCf^x.T, TMGOflftf;£ 5 0/xmo 1 /m i 
ntWfiU TMAfe-ffi**ALX. nSAlxiiG 
ai-«nN*5* Kl (tfcxlixl 1 = 0. 2) *2 
0-5 0 OA (ti:x.«2 0A) 0@$-C^i"6p * 
i:TMAO«fS«rffJtl^ nSGaNl«:2 0-5 0 0 
A (fcU(i2 0A) w<D*5KLT\ nl 
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AlGaN§fcnSGaN!o£S«J§«Sat (nSA 1 
GaNl/nfGaNi/' ■ VnSGaNi/nS 
AlGaNg) d^4SnSAlGaNatt^7S'K 

0. Sum) TMG*3«fcT/TMAO 

^8 0 0Ut?W, TMG Sri 5/iraol/ra 
inlCgBSU TM I £-£IttftLfta S( b* InpGa 
i- P N»«S (fc±r;ctfp = 0. 02) £10-200 
nm (tUliSOnm) 

[0 18 5] Rfc, TMI*J:t;TMGO«»*ffJtL 

2 ^<bH2lCftx.T, TMG©aK5 0nmol/rai 
nlcSI«U TMA$r-£SSALT, nSOAl*2i 
Gaw2iN*75> PI (fck«x21 = 0. 2) £ 
2 0-5 0 0A (fci*_tf2 0A) OJ?^t?^-f6<, 
ftKTMA<0«**ffJfcU nSGaNM20-50 
OA (fc£*Ltf20A) rit*"t5. i©J:5»-t"C, n 
iAlGa Nli:nSG a Nl<B«E*l*S < n ^ A 
IGaNi/niGaNi/' • VniGaNi/n 
^AlGaNl) HWnSAlGaNfitlf^y 

0. 8/im) %J&&i'Z>o 

[0 18 6] naAlGaN«»^5yKiO*W 
mtZh, TMAO^^Jtt, TMGSrlOO/i 
mol/mini:«^ nSGaN^KKO. 
08-0. 15/imfti^0. lam) ©JMfcfc 
6 J: 5 TMG^^^lhLT, 

^^yr^^$rH2*^N2^t/{tx.r. 700^*-? 

(TMI) £1 0 /zmo 1 /m i n, TMG& 1 5 m m 
ol/minlAU InvGawvN (tUfiv = 
0. 0 5) J:9ft*fei ttf 4 nm*OHBIt«*t 
5. TM I 5 0/zniol/mini:* 

ftlU In.Gai-N <fc*Jt«w=0. 17) X 9 ft 
5fctiLB2nml|0#Fi«r**t«. fct*.tf, # 

Plk©IB*5j:t;K««wtt*tt4|o««l* l ff<£+* 
J:5ft»***»3 8 0-4 3 0 nni (fc£;trf4 0 0 
ro -4 lOnm) <7>#fi£*#F (MQW) 

tff±bx. mM 0 5 0ic*iW»u ^t!)^^ 

fcWtWl^feHlfcfta.'C, TMG£5 0/zmo l/m 
i n, TMA£3 0/imo l/m i n, pIK-f^ 

p 2 Mg) ^rlOnmol/miniU 0-20nm 
(ti:jttf2 0nm) f(OpSAhGai-:N (fcfc*. 
tfz = 0. 2) ^t!)7^By^I&**t5. 
T^n^i^WTt^, TMAOWMrffJt 
J0 U, TMGOWIMklrl OOumo 1/mi niClSSt 
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87 



10 



X. 0. 08-0. 15/im (fctxffO. I urn) <0 
J?£<Dp§JG a N2M KJifclSft1"6. 

[0 18 7] TMA$r-^Al-C, pS^ 

AhnGai.ynN^7yKi (fc y i 1 = 0 . 
2) £2 0-5 0 0A 2 0 A) <D**-C«* 

1-6. *lCTMA©*«*rffJtU p^GaN!£2 0 
-5 0 0A (tUtf2 0A) rt£*1-6. CO* 3 Kb 
p^Al Ga Nit pSGaNB*>£:§:«Jl*« 
(piAlGaNi/plGaNi/' • VpSGa 

Nl/p^AlGaNi) d^46plAlGaN8ft 

IfllHO. 8 /im) S:dc*1"6. 
[0 18 8] TMG*3J:VTMAO««&«:ff±t 
^^yr^feHiJ&^NilcSt/ft^-C, #J8 0 0 
iCS-CRflflL TMG $r 1 5/imo l/mi ntcM 
U TMIi-tHW^^ pSlngiGai-QiN 
(fcfciltf Q 1 = 0. 02) £l0-200nm 
(fctxfi5 0nm) **1"S. 
[0 18 9] RK, TMIfcJtfTMG^flWMrffJtl* 

2 d^H2i:iUT, TMGG>M*5 0jinio 1/m i 
nlCHBU TMAfc-S«AU, nfflOAlyH 
Gat-y2iNl (fcfcsttfyil=0. 2) £20-50 
OA (fcfc*.tf2 0A) ©»*-CM**+S. W-TMA 
.*>«»«*JfcU GaNl^2 0-5 0 0A 
2 OA) **1"6, wO^plCbt:, nSAlGaNl 
a^GaNl^Sil^ (nSAlGaNi/n 
§JGaNl/' • -/nlGaNi/niAlGaN 
1) i»bWnlAlGaNa*^9yKi (fcfc*. 
tfWttrtyz^O. K fctiMIO. 8/xm) 
£j££1-£<, 

[0 19 01WI:, TMGO*ft* 1 0 0 ti m o 1 / 
mintlfiSLT, TMAOftlftfcffJtU 0.0 1- 
10Mm(^i:^ffO. Um) f^pSGaN^^ 
* bBOrttftfefTV^Jt^UIJB^fltfi^^Tl-S, * 
*#*Tl-6fc, TMG*5J:tfCpiMgtf«H6*#Jt 
LTftfiU *a-eMOCVDS6*J:?)»5art"« 
[0 19 1] W»a«r*1-*il«>**B 
Wffi) 0«ffifiSOW« (Ra) Onm-efo 
9, **ft«FW*tt«r*Ufc. *fc, (0 0 0 1) C 
St7T^r«S, GaNftfi'<y7TJB (fi&?2 0n 
m) , nSGaNa^ni (K»»4/ini) , nS 
AlGaNfMMP*?yKl (HJP0. Bum) , nl 

1 no.03Gao.9?N»«S (ilSOnin) s nSAl 
GaN8»^9yKi (WO. 8 Mm) 

2 0 0«ICtfcteUT«*bfcfcC^ ±TOr>*/N-tC 
/N-fc*JWt\ niAlo.iGao.»N^77 KM®K* 
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MM** 1 ** S fufcr. k I- * *»*lcfcfc 6 ft 
[0 19 2] 7*hyy^77-f-ft«*5«tt) t 

* M*3jim«©* h9-f 7!Rfc»l/C. pSAIG 
aNi»f>5yKi*-^^^^^ ***** 

ttOpSGa N=>V^^ H<0-WBttJ LfcS±C 

[0 19 3] ftttKl. *7 7 4 7g«0¥3?#£!B£ii 

^^77-/ T SKSr^fefclff * 5 3 0 ~ 3 0 0 m m 
(fctitffieOdm) itt6J:5KtS. » 

[0 194] EH-klCfctK 01 8tC**H5©MtW>» 
[0 19 5] *JMw>»«fci8V % fW;. «&<o^ltero»lS 

Kit ICfcltS, A 1 G a 7 y YmtK A 1 G a N 

[ 0 1 9 6 1 *fc> A 1 G a I 

nN ^ 9 KS + l-i3tt5 I nGa NftWI©^** 3 
.fctfaU?tt« u-if K* s 1 n G a N®* @ k » 
-t<Di£»S-Cfo5 nlA lGaN^y HI**** ft 

oiSlc&ffSft"^*. -ct?, (l) fcW*** 
AlCaKi©^*?* K«tr. *i fflA1GaN 

Kliclt***.tli-*+ft tfJ:V> « <&>-*©4§ 

40 £\ <R«Wfc A lGaN^y KS©«*fc»*. A 1 G 

*li A 1 G a NS«r^^ 9 y KlOlMW 1 1^ CK. k 
5. -»J;5lcLX**5, (1) a«r«6fc1-I nGa 

[0 19 7] *^18^1it l ^Sbfcv—!> ! * J f : ©«i: 
A,i?£-cas?SigU ?S®<0Hffi«£E (Vop) * 5 *5 5 

v, mwtmms. (jth) *nkA/cm't«»ot. 
50 *5v^-cfc. *au-ci ottmaiJBJgsrata**-^* 
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AlGaN^y Wi:nf I nGaNftfl^A 

ufc^cjMftw^^i-u-n 8 !*, »)ioo b^waffltx 

FFPI****. 

[0 19 8] ife*5, ***0?gtt^*5V^-Ctt, n^Al 
GalnN^y Kltl^iiSnlAlGaN^ 
y Kl, fccfct/p^JA 1 G a Nfcfctt* A 1 Httttft 

fcl nGaNtWKnlAl G a I nN^77 KJ1 + 

[0 19 9] **J6<0*tttCi3V^-C, »tt«H3 

MW*FiLfc#, 2l*fctt4lEU:«>*Mk : HI 1 

[0 2 0 0] *3ll!S^»-*5^-C, #4 Klli 

GaNHfc^ InGaN^KIiatt)> 
(C*5V^Mfc*n5M«* (1) *5«fclM nGaNi 

[0 2 0 l]4t, «ttfc©»»-*5V*X, nlAlG 
a I nN^r; KIttMIShfcnSi nGaNil 
*5,fctfpSA l G a I nN^y KlfH^lSft 

(dm) *I nGaNffi?»llC:*3VNX^-f5 

• % fi (x) , • • •) *S«fctf*ffiJBflf$ (nu 
n2> . . . % nu • • •) fCft*ShSFK F2, 
. . . % Fi, • • - 09*>, Fi<0. 4£ffi*r*-Ji# 

J:5*»tt«ia"C* ; 6«^*<**« n^AlGaN 

KJ§rtlC#&-$-5 I n G a N&ffiJlO 5 ±12 ' 
*#**fc-*-Jia S/ >fc< fcfciJIfcixtf, FFPlcfctt 

[0 2 0 2] *WSO*«Hwi3^-C, nS^f 

Kifcit/pl^^y KJBOiSi*^, InGaNM 

1 G a I nN^5yKI"Cfco"Ct)J:<, *fcttpffl* 
7* h'S<0*&A lGaInN^77 KltfeoTtJ: 

[0 2 0 314*. *WI©»»^*»6*»*W-1f 




^20 0 1- 1 4 8 5 39 

(Dfilig-CnSAl Ga I n N * 7 y KS nSG a N a 
b^OK^^^H^n^I nrGai-rNSM 

tfF F PCIilJ A/if«»«:4x.&V^ 
[0 2 0 4] *«tO»«t»tt*W* l/ - i,! 

■Ctfi<, ^^JttfGaNSS-CbiV^ A 
1 G a I n 7 y KJi*U:M*S*t6 I n G a N ^ 

[0 2 0 5] (StOlM6)Hl9tt, *ttO»« 

ifS?*l 0 0 2 > 3U>-^1/^1 0 0 3, *-A* 
yij,^ 1 00 4, ^l/^Xl 0 0 5, ftx^ 1 
0 0 6, E*3tfe**+5fc*^^^ 1 0 0 7 - »* 

oo2A^aaJttfcu-#*»i. 3 ^-^ yXl0 

0 3^¥'fT3t^b<li¥tTt-i£^3t^*^^ 
*yy y* 1 0 0 4&S$bT> Utto^yXl 0 0 
£9X7*4 *9 1 0 0 6O*«E»iB«-***^« * 
f^** 1 0 0 6<D«f»R«BKIi, Dfli!bt>L< tt«ft 

WVXl 0 0 5^iibTtf-A^^li y ^ 1 0 0 4ia 

otM^n, E«*^«*i-6fc«><ouvXi00 7 

9 fc*oT**H»10 0 8fc**S** **ttfc*H* 

[0 20 6] *jafc(0*«O)6*5t«MIW*W^* JV ' 
Ttt, FF P^y y^«J»«S*tfc*»tt»tt«>ftff 

XL&*)%T4*t 1 0 0 6 0tf«eMn-ittWfcfc** 
$ntV>t 0 iltcasel(751nGaN 

■•■**i-*W*^rif«^«i 9 

try h»9*i o-«-c> *ta*Jxfc«««rK* 

ffli-Ci:**ttl*fc, *l"Cc a s e 2, case 

3, C ase4©lnGaN«[«l^t^^ 

IteneS, case6^InGaNWi?rtt 

u-if iooi icS!^Tffiv>fc t:^ 
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[0 2 0 7] £<b{C, 
■ ^*5(t6***U— i^^l 0 0 1 «r*ft©JlSlB2, 

ftO&^lcfc^TU ±»0*ft"C, if y MRU* 10 
[0 2 0 8] fc*5, ^@B8*Lfc±IBjl«i^lBtt1-^ 

[0 2 0 9] 

*5BWJ-J:^tf, »fc#y ****** 
|:inGaN»lfl^«Ci:i:J:^ tJvt<» 

mtox'jrtt^mmvfyy KBjw***rBfcfc?>* we ^ 

S^klCJ:!)* l/-f*«*-KOInGaNili^ 
©Jg£\ *3«fctf n§^y*^ hB^ote-frSrWIMX** 

AMU *»*U-*#^0«»t«*a«)*b*5lS 
*5j:VFFPfci3itft»y^©«lliv^5«i*«: 

[0 2 10] *fc, pl^7yKIti:i nGaNK® 
*«rtf*1-*w*:fc:J:!K pS* 7y KB&J9Ki:1"S 
:i«f6i5l^0, ^ I n G a N««B©& 

B*-K©I nGaNSIi^^ iS^piGa 
N = ^^^ M^IS*«r»fB+5wi36«-C«r5, *© 

B©»ttBiS«&¥**Bfc» L*iElc1-6 d t 

u-if %*<o p S **<«§ t n m*m&M t <om 

[0 2 11] *Bfl£J:*U& JMfffc* 
^»tt«r#+5*W#W'-1f*^S:»«"C** r©J;5 
* **ft If «r*¥ft«T «lf*«1tt dE^SCk 
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[BB©n*ttK9U 
[El l ] »W©«HI*^- 
So 

[0 2 ] u-if KoSttBB CfciMIMko* 
*HI£, F^7*-*£©*@|££^Lrt: 1 b©'efcS 0 
[El 3 ] \s— WB«*- K0«JMMU *:* UX*5 9 . 
B3 (a) liF<0. 4 0i*. ®3 (b) I1F>0. 
4©$§'8 k £^L-CV^£> 0 

[si 4 ] *%w\zm-?<m i ©*«o»»c*5its* 

[El 5] I nGaN^HIWI n SAftft itflSS*** 
F<0. 4&mtzi-&m*W^l'tzi><0'?h') , n^A 
lGaN^r; KB*5J:t^pSA lGaN^y KB© 

S9E«5Bo»JM»to«<k«:* I/O**. 
[El 6] I nGaNiliOI nUtt^JltMEW^ 
F<0. 4fci*fct«B&H*Ufct>©-C*>?K InG 
aNBBBfc^ KBi^ElifeO. 4ymW(Op 

rt-e*ft**fc*«>. *n j e*uo»*ic*sjt6»B»B 

[El 7] I nGaNi»I nJMWtJ3*lWlW** 
F<0. 4^^i-«SH$rEl^bfc 1 b^"efcO, InG 
aNWBBi^ KBkOEdfcO. 2-0. 4nmW 

[E)8] I nGaNg»I n SA lt*5 «fc tfH» # 
F<0. 4fcWfc1«H*rH^bfct>©Xfc0* pf^ 
^ KB*5J:t;na^ KB©MW«r*ft**fc*^ * 

[El 9 ] SB 1 onm<DM&0¥&&\'-V#*<Z>ft& 
\Z^X. nSGaN^^^Mif^k^t^ 

©. ^-1f*«*-KoiSttB»tj&*«»^*ft^* 
LfcElffc*, 

[EI10] I nGaNgfli:^ KBk©®8* 5 
0. 4Mm&±fc*<fc5*> *2©flS©«l^¥** 
i^-1f*^©«jg^*3V^r, F<0. 4«:*fc-i\fc5* 
I nGaNftfl^l n«*tt:*5J:r;K»oeBS:H* 
Lfct>*rcfc!K pg;<M KSfc.fctfnStf'f KB© I 
n&iiitSrO. 0 2-0. 0 6 ©«Brtt?JEft 

^n^Jx©»*^^«t. ; &BllE«B©**l»«>«<fc:* 

[Ell 1] I nGaNftiit^KitOW 
0. 4iimK±**J:5ft. *20**©»B©*** 
u-Vn+om&tm^X, F<0. 4«r«fcrJ:5 4 
I nGaN««B©I n UWW©«B*IH* 
Lfcfc©Tfc9> p«*f-f KB**tfnB*M' KB© I 
n®i>ft&0. 0 6-0. 0 9©BBrt"e«ft**fcW 
©, Jt^jeix©»frlc*5»t5WEttB©«iM*«>«ft«: 
0 ^LTV^<5 0 
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[Ell 2] I nGa N«WBi#>r KJI&OENfaP 
0. 3-0. 4 /xmCO$&KftlCfc£><fc ^ 2 OHJfe 

0^«<0^»#U--1f*-f-0»5fil-*5V^"C, F<0. 4 
fcflfc + Jittl nGaN««iOI n &£,it*5 «fct/l& 

Stf'f KJ1<D I nSfift&O. 0 2-0. 0 6<D^[ifi 

[Ell' 3] I nGa NlMMfctf'f Klt^Ei^ 
0. 3-0. 4 xim<D$SISF^C£>$«J; 9 ft, H2 0H& 70 
0»J(WW*|c^--lF*^©*3t^*V^T, F<0. 4 
&«fc1-J;5fcI nGaNMwi nSAit^J:tW 
JPOfta^EJ^Lfct^-Ck!?, pS^ Kl^it/n 
mttJ KSw I nSSitSrO. 0 6-0. 0 9£O9Sffl^ 

[Ell 4] InGaN8Mt^K|i:OBIiS 
0. 2-0. 3 ^mOSK^J:?^ »2(DHJfi 
^IfitO^fr^-^^OSIagJCiSV^-C, F<0. 4 
*ffi1ti-±lt£l nGaNWitOI nHJti3J:tJl 20 

SW^ KBO I n»*Jt&0. 0 2- p. 0 6<O«S|Sft 

[015] I nGaNgfii:^ KJI&^EM^ 
0. 2-0. 3MmO»l:fc^i:?^, J&2<&3tft 
tf*^0«3etC*5V^T, F<0. 4 
«:«fc + J:5 4 I nGaNg» I n&AJt:|5 £tfK 

S#>f FBO I n»*tti«:0. 0 6-0. 0 9<Dgfciaft 50 
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[Ell 6] *»W»-S<5<JB3O»JS<0»ffl^*5lt6 

[Ell 7] *»W^*<3<*4 0||lfi<D»«l-felt* 

[Ell 8] *38WI-«<5<*5 0SI*(0^ttlw*3Jt6 

[Ell 9] *«W«cS<5<*6 0Hft^»IC*5«t5 
-Cfeft. 

[El 2 0 ] *»W(CS^< jR 1 0JMWMHC*5I*$ 
*#^C (1) 1-**>*>F<0. 4 3&«flc9 4o*#fev+ 
EJT&S, 

[ei 2 1] *»wics^<iBi«)jaiii«>»«[ic*5rts 

I n G a Nll»Jl#«fc1-^*«««r»1-H'C«>6. 
[El 2 2 ] ftfc&ffilcg^ < i/- 1f »^ 

I (0 0 0 1) Cit7 7 >f7S^ 2 GaN&iR 
^y7rl, 3 niGaN^^^M, 4 nSA 

lxGai-xN (0. 08^x^0. 2) 9yy Kg* 5 

nilnpGai-pN (0<p^0. 2) ftffil* 6 
niln.Gai-.N (O^s^O. 1 ) #>f KB, 7 
InGaN^ltfffFffittl, 8 piAlzGai-: 
N (O^z^O. 3) ^Jryoy^I, 9 pil 
ntGai-tN (OSt^O. l) #^ KB, 10 pS 
AlyGai-yN (0. 08^y^0. 2) ^9?KI, 

II piGaNa^ni, 12 ttflMk 13 
jEfBS, 14 ACS. 15 nSAlGaInN^7 
yKI, 41 nSlnrGai-rN (O^r^O. 2) 
ISXMs 171 pSlnqGai-qN (0. OOl^q 
£0. 2) JBSfJi, 172 pfiAlGaInN^7y 
KB, 1 8 1 nlAl GaNfi«f^7y KB, 182 

plAlGaN8»^7yKlo 



[Ell] 



[69 2] 



[E14] 
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